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INTRODUCTION AND STATEMENT OP PROBLEM 
The use of Veratrum vlrlde Alton hoth In insect con­
trol and in medicine has declined greatly in the last 
twenty or thirty years. This decline is the result of a 
ntmiber of factors, chief among which are the nonunlformity 
of samples obtainable in the market, the lack of an effi­
cient method of assay, and the scarcity of information on 
the active constituents of the plant. 
Since the plant has been proved to have several de­
sirable pharmacologic properties and is effective in the 
control of certain- insects, it became apparent that In­
formation should bo gathered with the ultimate object of 
determining whether the properties of the plant could be 
sufficiently standardized to warrant continued recommenda­
tion of Veretrxim viride. or whether its use should be 
discontinued. V/ith this objective in mind the problem 
was attacked with the following pvirposesi to examine the 
procedures for chemical assay of the plant, to compare 
the chemical with the biological assay on insects, to 
separate the crude, physiologically active mixture into 
Its constituents, end to tost them for toxicity to insects. 
REVIEW OP LITERATURE 
Botanical 
Veratrian virlde Alton (1) is a member of the family 
Liliaceae. It is a stout, broad-leafed perennial, two to 
seven feet tall, with simple sterna growing; from a thickened 
base producing coarse, fibrous roots. The yellowish-green, 
sometimes drooping flowers are arranged in dense, spike-
like racemes J they bloom in aummar. The plant is distrib­
uted generally over the continent, but especially in eastern 
North America, west to Minnesota, south to Georgia and north 
to Alaska. Its preferred habitat is swamps and wet woods 
and along borders of mountain streams (29, 35, 59)» 
Veratrum virida Is known commonly under a multitude of 
names, many of which result in confusion: green hellebore, 
American white hellebore, American false-hellebore, swamp 
hellebore, American Veratrum, Indian poke, itch weed, poke 
root, and "nieswurz" or sneeze root. The names containing 
the word hellebore are especially ill-advised for they bring 
about immediate confusion with the plants belonging to the 
genus Helleborus which are entirely unrelated to the Vera-
tr urns • 
To complicate matters ftirther, another plant known to 
the medical profession as sabadilla seeds, Schoenocaulon 
officinale Gray, was once considered to be a member of the 
Veratruma and was known aa Veratrum officinale and aaba-* 
dllla» Its literature la consequently Intermingled with 
that of vlrlde* 
Commercial supplies of the crude drug are obtained 
principally from North Carolina, Virginia, Illinois and 
Michigan, The roots and rhizomes (underground, fleshy 
stems), in which most of the active principles are found, 
are collected In the autumn after the leaves have died. 
They are washed, and dried either whole or after slicing 
(35, 59, 99). Due to the difficulty In distingulahing 
commercial samples of Veratrum vlrlde from its common 
adulterants, V^ album L. and californicum Dur», Bastin 
(2), Denniston (22), Viehoever, Keenan and Clevenger (91) 
and Meyer (52) have made studies of the microscopic charac­
ters of these plants. The consensus of opinion of these 
investigators la that the characters so overlap that dis­
tinction is difficult. 
Chemioal 
The literature relating to the chemistry of Veratrum 
vlrlde is decidedly dependent on that of the closely related, 
European species, V^ albm, which has been Investigated 
rather thoroughly. For this reason the literature of V. 
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vlrlde Villi be reviewed In Its entirety end the other per­
tinent llteratfire v/111 be added. 
The first recorded chemical Investigation of Veratrum 
vlrlde Is that of VVorthlngton In 1838 (103), His color 
tests and precipitation experiments Indicated that the 
plant contained "an alkaloid substance, Identical with 
veratrla," Veratrla (veratrlne) had previously been iso­
lated from Schoenocaulon officinale by Keissner (51) in 
1819 and Independently from this plant and album by 
Pelletier and Cavontou (61) in 1820® Richardson (,74) in 
1857, also, by color and pieclpitation testa, obtained re­
sults which led him to oonfirm the statement of V/orthlngton 
as to the identity of veratrla and the alkaloid of vlrlde, 
Further confirmation of these claims is found in the work 
of Scattergood (82) in 1862 and of Percy (62) in 1864. 
Soattergood obtained a resin and an amorphous material 
which possessed the characteristics of veratrla, and sug­
gested the presence of another alkaloid, jervla. Jervla 
(jervine) had been isolated previously, in crystalline 
form, from alb^3m by Simon (84) in 1837. Percy proceeded 
in a manner similar to that followed by Richardson, and 
obtained a seml-crystalllne solid v/hich he termed veratrla. 
In 1865 and 1866 Bullock (7) Isolated from the powdered 
drug, besides an alkaloid-containing resin, two noncrystal­
line principles, one soluble in ether and the other Insoluble. 
«" 8 "" 
The soliible alkaloid '«as later called veratro3.dla and the 
insoliible vlrldia by Wood (95), Neither of these alkaloids 
resembled the veratria of oommerce. Peugnet (63) In 1872 
also separated veratroidla and viridia from Veratrum virlde 
and stated that the latter was identical -with Jervia. 
Mitchell (53, 54) confirmed these findings completely in 
1874 as did Bullock (8) in 1B75« A reversion to the older 
Ideas was suggested in 1876 when V/ormley (102) claimed the 
Isolation of veratria and Jervia only from the fluid ex­
tract of viride» In the same year Bullock (9) decided 
that jervia was the only alkaloid in ^  viride, veratroidla 
being a mixture of Jervla and resin. He wondered, however, 
at the difference in physiological action of jervia and the 
veratroidia-resin, for the latter v/as more active. Robbins 
(75) published a paper in 1877 in which he claimed the 
presence of veratria, Jervia and possibly a new, third 
principle, veratrldla. In ^  viride* The claims were based 
on color tests# Tobien (87) In 1878 Isolated veratroidla 
and jervla from lobelianum and ^  album. 
The most important contribution to the chemical study 
Veratrum viride was made in 1879 when the third of a 
series of papers on the alkaloids of the Veratrums vms 
published by Wright (104). (Parts I and II, on V. sabadilla 
Z* iLi32BS» ^respectively, were by Wright and Luff (105, 
106).) From viride were isolated in crystalline form 
ttoee alkaloids, jorvlne, paeudojervlne and rubljervlne, 
the latter In very small quantity. In addition, amorphous 
fractions were obtained vjhich v?ero thought to contain a 
trace of veratrlne, a trace of veratralblno, and con­
siderable cevadlno. A large amount of amorphous veratral-
bine had been found In aXbum and much crystalline 
cevadlne In ^  aabadilla« 
Bullock (10) then. In 1879, reworked several of his 
resinous materials, obtaining alkaloids which, he felt, 
coincided with the rubijervine and pseudojervlne of Wright* 
No further work has been done in investigation of the 
alkaloidal constituents of Veratrxun viride but there are 
several valuable studies on the alkaloids of albi3m which 
have a direct bearing on the present work. 
Salzberger (81) in 1890 developed two procedurea for 
the separation of the alkaloid mixture from Veratrum album. 
By one, the baryta method, he obtained i.n crystalline form 
considerable quantities of Jervlne, rubiJervlne and proto-
veratridinej by the other, the metaphosphorio acid method, 
he produced mainly protoveratrine and pseudojervino with a 
little Jervlne and rubiJervlne# Prctoveratrldlne was not 
considered to be present originally in the crude drug but 
was thoxight, wrongly as will be s^en later, to be a degrada­
tion product of protoveratrine formed in the baryta pro­
cedure. 
- l o ­
in 1906 Bredemann (5) applied some of Salzberger'a 
methods to his study on Veratrum album and Isolated Jervine, 
pseudojervine, rviblJervine and protoveratrlne. 
Salto, Suglnome and Takaoka (79) In 1934 investigated 
Veratrum grandiflorum Loes, fll. (=V», album), collected in 
Japan and obtained only jervine in ci'ystalllne condition# 
Tv^o years later Salto and Suglnome (78) ptitallshed a paper 
in v;hlch they again Isolated only jervine from the realnous 
materials previously obtained. A third paper by these 
authors (80) reported experiments on the constitution of 
jervine. 
In a aeries of papers published In 1937 and 1938, 
Poetlike (68, 69, 70) reported the discovery In VeratrxMn 
album of a new alkaloid, germerlna. In largo quantity. 
In addition he also Isolated Jervine, rubljervine, pseudo-
jorvine, protoveratrlne smd protoveratrldine. He studied 
the interrelationships of the alkaloids and observed that 
germerlne on treatment with alcoholic potassium hydroxide 
yielded a crystalline base, germlne, and two acids, methy1-
ethylacetlc and methylethylglycollc acids. Protoveratrl­
dine by the same treatment yielded germlne and methylethyl-
aoetlc acid. Germerlne on treatment with barium hydroxide 
vias converted Into protoveratridln© and methylethylglycollc 
acid. Thtis germerlne is the methylethylglycolate of proto­
veratrldine which is the raethylethylaoetate of germlne. 
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Protoveratrlne when treated with alcoholic potassium hy­
droxide yielded acetic, methylethylacetic and mothylethyl-
glycollc acids and an uncrystalllzed base called proto-
verine. Jervlne, pseudojervine and rubijervine are not 
ester alkaloids* 
In a fourth paper Poethke (71) discussed his experi­
ments on the amorphous alkaloid fraction which constituted 
about fifty per cent of the crude alkaloids. In repeated 
attempts at crystallissation no success was attained. How­
ever, on saponification by alcoholic potassium hydroxide, 
considerable amounts of germine were obtained, as well as 
appreciable amounts of acetic acid and methylethylacetic 
acid. Poethke did not believe this germine could have been 
present in the amorphous fraction as germerlne or proto-
veratrldine for these alkaloids are readily crystallized 
from crude alkaloid mixttires. 
The chemical formulas of the pure, crystalline alka­
loids thus far isolated from the Veratrma, and of their 
Icnown degradation products, are listed with their dis­
coverers and the dates of these discoveries: 
Jervlne ° 26^^3703^ 31mon (84) 1837 
Pseudojervlne 
*^23^39^8®^ Wright and Luff (106) 1879 
Rub1jervlne 
^26^4302^ V/rlght and Luff (106) 1879 
Protoveratrlne 040^63014^ Salzberger (81) 1890 
Germerlne 
^36%7°11^ Poethke (68) 1937 
- 12 -
Protoveratridino C5i^490gN Salzbergei'* (81) 1890 
Germlne ^26^^41®8^ Poethke (69) 1937 
Pharmacological and Physiological 
Josselyn (43), 7»ho visited North America in 1638-1671, 
noted that the active properties of Veratrum viride were 
known to the aborigines of the continent before their inter-
coiirae with Europeans, since they used it as a vomit in a 
type of ordeal In the choice of chiefs. It was also employed 
by the colonists as a purgative and antiscorbutic• 
Osgood (57), who in 1835 first called to the attention 
of the medical profession the therapeutic properties of the 
drug, concluded from his studies that vlrlde did not 
contain veratrla# 
Oulraont (58) in 1868 compared the pharmacological ac­
tions of viride, V« album and veratria and concluded 
that the alkaloid veratria was not the true active prin­
ciple of Veratrum, and that ^  viride was a cardiac poison 
analogous to digitalis but more reactive. Scattergood 
(82) tested his resin from viride and veratria on dogs 
and found them both to have similar therapeutic effects, 
the resin appearing to be more active than veratria. 
H. C. Vi/ood (96) tested in 1870 the alkaloids and resin 
prepared by Bullock (7) in 1866 and 1866. He found that 
there was some difference in the action on cats and dogs of 
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those Impure samples of veratroldia and vlrldla, and that 
the resin was almost inactive# Wood and Berens (100) in 
1874 compared the veratroldia of Mitchell (54) and of 
Bullock (7) and found them to produce the same physiologi­
cal action, v/hile Bullock's viridia and Mitchell's jervia 
were considered to be one for the sarae effects were given 
by each. 
Peugnet (63) examined in 187S his own preparations of 
veratroldia, viridia, Jervia and resin from ^  viride and 
V« album, comparing them with veratria. He concluded that 
veratroldia was distinct from veratria, that jervia and 
viridia were identical, and that the resin of album 
contained a principle resembling veratria in its action 
while that of viride was inactive. To this latter dif­
ference he attributed the essential deviations iii tlie action 
of the two species. He also concluded that veratroldia was 
the active sedative principle of ^  viride. 
Following the discovery of protoveratrin© in ^  album 
by Salzberger (81) its action was extensively investigated. 
Wood (98) in 1908 and Waller (92, 93) both claimed that the 
actions of veratrlne and protoveratrin© were distinct, the 
former acting mainly on muscle and the latter on nerve. 
These claims ai»e disputed by the work of several other in­
vestigators, although it is generally agreed that veratrlne 
may be eliminated from consideration as the active principle 
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of the Veratrvims. Eden (23) in 1892 made a careful atiidy 
of the physiological effects of protoveratrlne and compared 
it with cevedine (veratrlne), which had previously been 
carefully studied hy Llssauer {47), Eden found that the 
pharmacologioal action of protoveratrlne was characterized 
by a Bpeclfic central action on the medulla oblongata and 
the, spinal cord, ari action on the striped muscle, and a 
paralytic effect on the peripheral sensitive nerves. The 
results of the central action in frogs were suspension of 
respiration and depression of the reflexes, and on maimnala 
similar respiratory disturbances, vomiting in carnivores, 
cramps and paralysis. He noted a qualitative difference 
between cevadine and protoveratrlne, in that the charac­
teristic "veratrine effect" (lag) In muscle contraction 
was lacking In protoveratrlne and that cevadine did not 
exert the energetic action of protoveratrlne on the peri­
pheral nervous system nor Its extreme vagus paralysis. He 
concluded that protoveratrlne belonged In the group with 
cevadine, aconitlne and delphinine. 
Boehm (3) also compared the effects of these two al­
kaloids and showed that the intensity of action of proto­
veratrlne on the frog heart was much greater than that of 
cevadine, and that on nerves and skeletal muscle It was less 
active, although the effects were subatantialiiy tue satTie In 
kind. Boehm (4) later gave a complete review of the work 
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on these two alkaloids. Pllcher and Sollmann (66)- studied 
the effects of vlrlde and cevadine on the vasomotor cen­
ter and concluded that there was no direct action, the sharp 
fall of "blood presatare being due to stimulation of the vagus 
center# 
In the U. S. Phormacopooia VI (1330) and VII (1890) 
only virlde v>as recognized, the use of 2*. a-lb^i In offi­
cial medicinal preparations being excluded. In U, S. P« 
VIII (1900) both species were sanctioned# This was a direct 
result of the investigations of H. G, TiVood and H. C. Wood, 
Jr., (101) in 1899, who stated that no clinical differences 
were likely to be observed in the action of therapeutic 
doses of the two species, since symptoms qualitatively and 
quantitatively similar were found in frogs, dogs and rabbits. 
Wood, Jr., (97) In 1906 re-examinod preparations from the 
two species and reversed the previous decision as to their 
identity, the same alkaloids "not being necessarily present 
in both, at least not to the same extent or proportions." 
He concluded that neither veratrine nor rubijervine 
(veratroldlne) was present in sufficient amount to be re­
sponsible for the activity of the plant, that protoveratrlne 
differed essentially in its effects from Veratruin and thus 
cannot be the active principle, that jervine most nearly 
corresponds physiologically to the crude drug but is present 
in too small amounts in proportion to its toxicity to be 
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the active principle, and finally that there must be in 
V« viride some undiscovered active principle to account 
for the action of the whole drug. As a result of Wood's 
v^ork album was deleted from U. S. P» IX (1910) and is 
still unrecognijsed officially In America. 
Comparison of the clinical effects of the two Veratrum 
species was made in experiments on human patients by Collins 
(16) and Collins and Hanalllc (17) using the tincture of 
V. album, and by Hewlett (36) using the fluid extract of 
V» viride* These experiments showed that both drugs pro­
duced a fall in blood pressure and slowing of the pulse 
rate, but that the effective dose of viride was con­
siderably larger than that of album. 
The pharmacological effects of a commercial fluid ex­
tract of Vj^ viride were studied by Houghton and Hamilton 
(37). They showed in experiments on dogs that small thera-
pe\xtic doses slowed and deepened respiration, decreased 
pulse rate and produced a fall in blood pressure. Toxic 
doses produced momentary stimulation of the respiratory 
centor, followed by respiratory paralysis and death from 
asphyxia. 
Wood (98) in 1908 also found viride to produce de­
creased pulse rate and blood pressure when administered in 
small doses. The general effects were quite similar to 
those of Eden (23) for protovoratrlne, and Wood concluded 
that protoveratrine was the active principle of Veratrum. 
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A very careful study of the action of vlrlde was 
made by Cramer (21) in 1915. Experimenting on anesthetized 
cats and dogs he shov/ed that the drug in small doses lowered 
blood pressure, slowed or stopped respiration and generally 
slowed the heart rate. He stated; 
"It follows then that the drug in small 
doses exercises its effect on blood-pressure 
neither peripherally through an action on the 
vessel walls or the vaso~motor nerve-endings 
nor through a direct action on the vaso-motor 
centre or the heart, but reflexly through stimu­
lation of the afferent vagus fibres. The action 
on the respiration is also produced reflexly. 
With regard to the slowing of the rate of the 
heart beat it can be stated with certainty only 
that it is not duo to a stimulation of the 
cardio-inhibitory nerve-endings or to a direct 
action on the heart muscle... 
"The drug after having stimulated the af­
ferent nerve-endings of the vagus, paralyses 
them so that a second or third dose is without 
effect. 
"With larger doses the drug in addition to 
the effects just mentioned, paralyses the cardio-
inhibitory nerve-endings of the vagus and hns 
also a direct action on the medullary centres 
leading to vaso-constriction and to paralysis of 
respiration. These additional effects are not 
dependent on the integrity of the vagus nerves... 
"It is now possible to understand why large 
doses of the drtig give such irregular and. appar­
ently paradoxical results. For in such doses 
veratrum viride may produce any of the following 
effects. A stoppage of respiration and a dilata­
tion of the blood-vessels throaigh the afferent 
vagus nerve-endings J or it may at once paralyse 
them. It may slow the heart through stimulating 
the cardio-inhibitory centre or may paralyse the 
cardio-inhibitory nerve-endings and then increase 
the heart-beat and raise the blood-pressure. And 
lastly with such doses it will act directly on the 
medullary centres. It is not surprising that the 
resultant effect of so many antagonistic actions 
is Irregular." 
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He stated ftirther: 
"The effect of small doses of veratrtmi vlrlde 
is quite different from the action of proto-
veratrlne as deacrllDed by Vi'atts Edon and of 
veratrine as described by Llssauer. On the other 
hand the accounts of these observei's of the ac­
tion of veratrlne and of protoveratrine respec­
tively on the circulation might be taken as a 
fairly accurate description of the action of 
large doses of veratrura vlrlde, MJhen one con­
siders that the effect of such doses Is very ir­
regular. Compared with the amomts of the crude 
extracts of veratrum vlrlde used in these experi­
ments, of which the active principle is of course 
only a fraction, the doses used by Lissauer and 
^i'atta Eden in their investigations are indeed 
large." 
Cramer concluded that before the identity or nonldentity 
of the active principles of vlrlde V9lth either cevadlne 
or protoveratrine could be decided a reinveatlgatlon of 
the two last-named alkaloids Y;as needed. 
The extensive chemical studios of V.^ album recently 
reported by Poethk© (68, 69, 70, 71) have furnished the 
impetus for this re-examinatlon» Poethke Isolated besides 
protoveratrine a new, active alkaloid which he called 
germerine, and fia7ther showed both to be ester alkaloids. 
Germerine on partial hydrolysis yielded protoveratrldlne, 
first discovered by Salzberger (81), and on complete 
hydrolysis another new alkaloid, gerxnlne. These four 
alkaloids were investigated by Haas (31), and the work of 
Lissauer (47) and Boehm (3) on cevadlne was compared. 
Haas's experiments showed that there was a great similarity 
in the type of action of germerine, protoveratrine and 
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cevadine, although there were more or less large quantita­
tive differences between them. Protoveratridlne and ger-
mine, the products of hydi'olysis of germerlne, showed a 
much weaker action than the parent alkaloid. The median 
lethal dose for germerlne on the frog was 0.9 rag. per 
100 g. and on the rat, subcutaneously, was 0.37 rag. per 
100 g. Germine was lethal to the frog only at 50 rag. per 
100 g. and to the rat at 800 mg. per 100 g. Vsfhereas ger­
merlne acted predominantly by progressive paralysis, as 
did protoveratrine, the hydrolysis products were charac­
terized by an irritant effect. 
V. vlride has not yet been proved to contain either 
protoveratrine or germerlne, but the fact that these alka­
loids are the predominant toxic components of album and 
that the two species have very similar pharmacological 
effects allows of at least theoretical extension of the 
results of Haas to American Veratrum. 
Of the other alkaloids of ^  vlride. Jervlne, pseudo-
jervine and rubljervlne, only jervlne has a alight activity, 
differing somewhat from that of protoveratrine, according 
to Lissauer (48). 
Hanzlik and DeEds (32) examined ^  oalifornictna. the 
western American species, and concluded that it was quali­
tatively identical with the other Veratrums and stood be­
tween them in toxicity. 
" 20 '  
Althougli, aa stated above, the activity of viride 
had long been knovm, the popularization of the plant as a 
drug did not come Tjntil after 1851, ao the result of the 
efforts of the physician Norwood (55, 56) who used "Norwood's 
Tincture" to treat pneumonia and typhoid fever. Othar early 
physicians used it in the treatment of Inflammatory rheu­
matism and puerperal fever. 
The drug is at present little used, but there are 
occasional reports of Its successfxil application, to lower 
the pulse rate in the treatment of tachycardia, to treat 
nxirlcular fibrillation and pneumonia, and to lower the 
blood pressure and produce vasodilatation in puerperal 
eclampsia (65, 99), 
By far the most widespread of these uses is in the 
treatment of eclampsia. This affliction Is the most severe 
type of the "toxemias" of late pregnancy which rank along 
with sepsis as a cause of maternal death. Recent atatistics 
have shown that over twenty per cent of women afflicted with 
eclampsia die. Hypertension is one of the outstanding and 
constant clinical findings in eclampsia, and is a sign of 
increased vasoconstriction. This vasoconstriction gives 
rise to a train of pathologic events. A hypertension de­
velops which tlii'ows an added strain on the heart and blood 
vessels, either of which may give way, with disastrous re­
sults. Furthermore, the vasoconstriction itself leads tr 
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anemia of the tissues, with auboxldation, retention of the 
waste products of metabolism, and eventually edema. Diag­
nosis of eclampsia (6) is based upon: 1) pregnancy of at 
least five months dui*ationj 2) hypertension; 3) albuminuria; 
4) convulsions; 5) coma following the convulsions. 
Haultain (53, 34) in 1913 and 1914 reported the treat­
ment of twelve cases of eclampsia, V'/ith success in all but 
one case. He used the commercial preparation of viride, 
Verati'one, of Parke, Davis and Go«, described by Houghton 
and Hamilton (37)« 
More recently, Bryant (6) in 1935 recorded his results 
in the treatment at the Cincinnati General Hospital of 127 
consecutive cases of eclampsia, with Veratrone as the prin­
cipal therapeutic agent. The gross mortality rate for this 
series was 9.45 per cent, a very favorable record, and 
there had not been a death among the last 56 patients 
treated. Bryant showed that the mode of action of Veratrone 
was the production of a lasting vasodilatation, in agreement 
with the findings of Cramer (21). This dilatation resulted 
in an increased blood supply to the various organs, thus 
effecting a more normal exchange of metabolites and allowing 
more ready aoceaa of drxags such as dehydrators and alkalies 
(part of Bryant's treatment). The edema of the brain, skin 
and kidneys diminished, resulting in cessation of convul­
sions, return, of consciousness, diuresis and diaphoresis. 
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Cramer had said that the a-uppreasion of virln© in eclampsia 
was prestunably due to extreme vasoconstriction in which the 
blood vessels of the kidney participated# When this con­
dition was relieved as the result of the vasodilatation 
produced by the drug the conditions for secretion of urine 
were re-established. 
Bryant (6) pointed out further that proper individual­
ization of dosage was an essential factor in this treatment, 
for there was marked individual susceptibility to the drug. 
This point was also made by Chisholm (12). 
Assays 
Much work has been done in attempts to devise both 
chemical and biological assays for the Veratrums and to 
correlate the results obtained by the two techniques. 
The first recorded attempt to determine total crude 
alkaloids in Yeratrum album was made by Pehkschen (60) in 
1890. He obtained a yield of 0»08 per cent with alcohol 
as original solvent. 
LaWall (46) first applied the chemical method for 
total alkaloid determination to American Veratrum in 1897. 
His method was based on one of the earliest of such pro­
cedures, that developed by Keller (45). This procedure 
employed a chloroform-ether mixture as extractant. 
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Bredemami (5) assayed several coraraerclal samples of 
V» alb-um using a gravimetric method which was essentially 
that employed by LaWall#, He also developed a volumetric 
assay method based on the acid-neutralizing powers of the 
alkaloids* 
The most recent chemical study of assay methods for 
the Veratruras was made in 1922 by Vlehoever and Clevenger 
(89)• These authors greatly shortened the extraction time 
and made several other modifications in Bredemann*s gravi­
metric method* 
Houghton and Hamilton (37) in 1905 mad© the first 
definite attempt to work out a biological assay method 
for the Veratrums. They tested their aqueous preparation, 
Veratrone, on dogs and frogs and concluded that the frog 
method was a convenient and reliable indication of the 
potency of their preparations. Pilcher (64) made similar 
tests on frogs, guinea pigs and eats and concluded that 
the fatal dose for frogs was a satisfactory standard for 
Veratrum preparations* Row® (77) in 1925 recommended the 
white mouse method over the frog method, claiming advantages 
of rapidity and definiteneas for this technique. 
Testing six samples of Veratrum. Githens and Vander-
kleed (28) compared assays baaed on the lethal dose for 
guinea pigs with chemical assays and observed a fairly 
close agreement in the results from the two methods* On 
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the contrary, Pilcher (64) tised his frog method as a chock 
on chemical assays and found a wide deviation in the re­
sults thus obtained. This discrepancy was also noted by 
Pittenger (67) Viiho reported in 1923 the results on a series 
of comparative assays of 32 samples made over a foxirteen-
year period. He used the minimum lethal dose for guinea 
pigs as his criterion for biological measurement. Pwther 
proof of the lack of correlation between chemical assays 
and bioassays was put forward by Swanson and Hargreaves 
(85, 86). They used Rowe's lethal white mouse method and 
concluded that this procedure gave reliable results while 
the chemical method was unreliable. 
Ohristensen and McLean (13) In 1936 developed a method 
for assaying Voratrum viride by determining the minimum 
emetic dose for pigeons. They showed later (14) that this 
method of bioasaay did not givo data comparable with those 
obtained from minimum lethal dose determinations on mice, 
and further that the latter did not parallel closely the 
physiological activity of Veratrum preparations, as indicated 
by blood pressure effects produced on cats and dogs. They 
also showed that determination of the alkaloid content by 
the method of Viehoevor and Clevenger (89) gave no indica­
tion of the physiological activity of viride preparations. 
Another method for bioassay of Veratrum has recently 
been developed, by Vlehoever and Cohen (90) in 1939. These 
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authors used the small, transparent crustacean, Daphiila 
magna, as experimental animal and as the criterion of effect 
the changes In swimming characteristics produced by the drug. 
The Information gathered by this method as to toxicity tsnd 
depressant action of Veratrum preparations was verified by 
toxicity tests and slmilor observations on albino ratSf 
guinea pigs and rabbits, CtJmparatlve results on two samples 
of viride were obtained by this method, and the relative 
toxicities were reported by Cohen (15)• 
Entomological 
As a member of the large group of plant Inaecticides 
Veratrum viride Is commonly known as green hellebore or 
American hellebore, and is not generally distinguished from 
the related European species, V<^ album. Icnown as white helle­
bore. This distinction Is probably of questionable necos-
sity since both species appear to have similar insectlcldal 
properties. 
The earliest record of the use of ^  viride as an in­
secticide is that of Josselyn (43) who visited the continent 
in 1638 to 1671. Peter Kalm (44), a Swedish scientist who 
visited Amerioa in 1748 and 1749, referred to the use of an 
extract of hellebore root when the children "are plagued 
with vermin." Another early report of its use was its 
recommendation in 1775 by an author, W, W., for the control 
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of files (94). L&tei* Groom (30) rocommonded It os a remedy 
for gooseberry v/orma (Netnatua spp,), in answer to a query 
by the editors of the Gardener's Chronicle. London. 
In America Todd (8B) In 1864 recommended white helle­
bore for gooseberry and currant worm control. Pitch (26) 
found white hellebore as a dust or spray to be specific for 
the cui'rant worm, and It was he who first suggested that 
the native ^  vlrlde might be as effective an Insecticide 
as album» 
From that time to relatively recent years hellebore 
had been rather commonly applied as a dust against larval 
pests such aa the currant worm. It had the advantage of 
losing its effectiveness rapidly upon exposure to air, thus 
being safely applied to small fruits near the picking time 
(83). 
In 1916 Cook and Hutchinson (18) reported excellent 
success with album In the treatment of manure to kill 
housefly larvae. Howard and Blshopp (38), however, later 
reported hellebore to be inferior to borax for this purpose, 
and Fenton and Bleberdorf (24) found It to be ineffective 
In laboratory and field tests against housefly larvae. 
Mclndoo and Slevera (50) found ^  album as a dust to 
be effective but slow lii acting against roaches and allk-
worma, and to have a alight effect on bees, tent cater­
pillars and aphids. As a spray It was ineffective against 
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aphids, but aa a atomaoh polsoii It was effective but alow 
against graaahoppers and silkworms. 
Rlchardsoa (72) in 1933 aprayod housefly adults with 
n kerosene extract of hellebore v/ith no success. He later 
(73) obtained considerable toxicity to gladiolus thrlps 
v;ith a spray of a3.bum» 
Fisher (25) in 1938 found that an aqueous extract of 
V« virlde waa highly toxic when sprayed on adult houseflies, 
I'/iuaca dome a tic a. but had no effect on the aphids. Aphis 
r'>;Lmicls and Myzus persicae« 
Fisher also reported experiments In which various 
crude alkaloid fractions from Veratruni virlde were tested 
as toxic components of poison baits on the Araerican cock­
roach (Periplaneta americana (L.))• These alkaloid frac­
tions were obtained by following a regular assay procedure: 
the crude drug was extracted with chloroform-ether (equal 
parts by volume) using a lime-water suspension to release 
the alkaloids froxa the drxig; the chloroform-ether solution 
was extracted with dilute acetic acid, which, after being 
made alkaline with airanonium hydroxide, waa in turn ex­
tracted vrith chloroform-ether; the solvent was evaporated 
and the dried residue used as "total alkaloids." This pro­
cedure was followed on other subsamples of powder, but here 
the alkaline mixture was first extracted with ether until 
the ether extracts yielded no precipitate with Mayer's 
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i»oagent, and then with chloroform xmtll the alkaloid ex­
traction was comi:)l0to« Evaporation of the solvonts left 
fractions which were termed "ether-soluble alkaloids" and 
"ether-insoluble alkaloids" respectively. These t>ire© 
frnotions were obtained from two different samplea of 
crtido drx)^« 
The "ether-insoluble alkaloids" had no toxic effect 
on cockroaches at the largest doses given. The "ether-
soluble alkaloids" from both samples were significantly 
more toxic than the respective "total alkaloids" as v/as 
to be expected, because of the nontoxicity of the "ether-
insolub3.e" fractions. The mortalities from the "total 
alkaloids" of the two samples also differed significantly, 
but the "ether-soluble alkaloids" did not show a signifi­
cant difference. Those statements are based on median 
lethal doses calculated from the dosage-mortality curves. 
The median lethal doses are presented in Table !• 
Table I. Median lethal doses, in milligrams per 
gram of body weight, of Veratrum viride 
extracts tested on Periplaneta americana. 
Data of Pisher (25). 
M. L. (mp;./g77 
Fraction Sample A : Sample B 
"Ether-soluble alkaloids" 0.256 0.307 
"Total alkaloids" 0.334 0.521 
"Ether-iiasolulile alkaloids" >5.87 >4.74 
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Althotigh the "total alkaloids" and "ether-soluble 
alkaloids" contents of the two samples were approximately 
the same, sample A was apparently more toxic than sample B. 
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MATERIALS 
Plant Materials 
The samples of Veratrum virlde used in this investiga­
tion were in all caaos purchased from •wholesale dru^^ supply 
houses, a total of six different samples being used in the 
experiments described herein. Two were obtained in poY;dered 
form: one from J, L, Hopkins and Go« as "pov/dei'ed Araorican 
hellebore," and the other from the Des Moines Drug Co. as 
"Pennsylvania white hellebore." The other four saKiples 
•were pxarchased as the "whole" di'ug: one from J. L. Hopkins 
and Co. as "Amer. hellebore U. S. P.," another from the 
Mur-ray and Nickell Manufacturing Co«, and two from S. B. 
Penick and Co» as "hellebore I'oot" and "helleboi»e root, 
American," respectively. 
The "whole" driig is the rhizome with attached roots 
that has been cut, generally in quarters, before drying# 
In three of the four samples the whole drug was prepon­
derantly rhizome, but in the fourth the rhizomes were very 
small and much of the root was left attached. 
For use the whole drug was ground in a Wiley mill to 
pass a 20-moah screen, and for special ptirposes such as 
assay determinations it was ground to 40~mesh. 
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Insects Used 
The American cockroach (Perlplaneta amerioana (L«)) 
was \ised in the toxlcolo^^ical teats, adults being employed 
exclusively# Those Insects were trapped in buildings on 
the campus of Iowa State College and were kept either in 
a large, screened cage or in g].ass aquarium jars at room 
temperature. They Y»©re fed bananas, rolled oats, dried 
milk, a special sal'- r.iij^ture and dried breiDers' yeast, 
and water was available to them at all times. 
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ASSAY EXPERIMENTS 
Methods 
The chemical assay method fii'st adopted was that of 
Vlehoever and Clevenger (89), which waa only slightly al­
tered fi'om the one described by Brodomann (5). This 
method may be outlined briefly as follows; 
A IS-grejm sample, pov;dered to 40-me3h, is al­
lowed to stand for 10 minutes with 150 cc. of 
chloi'oform-ether (equal parts). Then 10 cc. 
of 10 per cent ammonium hydroxide la added and 
the mixtwe is shaken frequently for an hour. 
Then 10 cc. of water is added. The mixture is 
then filtered through cotton into a flask coxi-
taining 0»25 g. of calcined magnesia. After 
shaking, the mixttire is filtered into a gradu­
ated cylinder, and 80 cc» of the filtrate (cor­
responding to 8 g« of drug) ia transferred to a 
separatory fimnel. This filtrate is extracted 
with 10 per cent acetic acid solution, first 
with 20-cc. portions and then with 10-cc. por­
tions. These extracts are combined in a sepa­
ratory funnel, made alkaline with 10 per cent 
ammonium hydroxide and in turn extracted with 
chloroform-ether (equal parts) in 20- and then 
10-oc. portions. The chloroform-ether extracts 
are combined in a tared weighing bottle, evapo­
rated in a current of air, and dried to almost 
constant weight at 100®0. 
This procedure was tried on several different samples 
of the crude drug and then a few modifications were made to 
obviate the necessity for extreme care in preventing solvent 
evaporation. The changes made consisted in using a 10.0-g. 
«-» o3 •* 
sample, filtering and washing with more solvent the crude 
drug after the hour's exti-action, and combining the filtrate 
and washings for the acetic acid extraction. 
Viehoever and Glevenger (89) had determined that ain-
moniiim hydroxide or sodiuiti hydroxide were equally satis­
factory for liberating the alkaloids from the crude drug. 
It was noted, however, that treatment with these solixtions 
made the drug somewhat glutinous and that difficulty was 
encountered by formation of emulsions in the acetic acid 
extraction# Therefore duplicate assays were made using 10 
per cent solutions of ammonium hydroxide and sodium hydrox­
ide respectively, a 10 per cent suspension of calciiim 
hydroxide, and finally no base. Results indicated the 
advantages to be gained in using hydi'ated lime so this 
variation was incorporated in fiirther study of assay tech­
niques. 
The assay procedure as modified is outlined; 
To a 10.0-g# sample of crude drug ground to 40~ 
mesh add 150 cc. of chloroform-ether mixture 
(equal parts by volume), and allow to stand 10 
minufces. Then add 1 g« powdered calcium hydrox­
ide and 10 cc. water and let stand one hour with 
frequent agitation. Filter, and wash with 
chloroform-ether mixtui'e until the washings give 
no precipitate with Mayor's reagentj about 50 cc. 
of solvent in 4 portions are sufficient. Combine 
filtrate and washings in a flask containing 0.5 g. 
powdered magnesium oxide. Shake thoi'oughly, fil­
ter into a separatory funnel and wash the mag­
nesia with more solvent. Extract the filtrate 
with three 20-oc. portions of 10 per cent acetic 
acid, and then with 10-cc. portions until the 
last gives no precipitate with Mayer's reagent. 
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Make the acid extract alkaline with concentrated 
ammonium hydroxide, and extract with three 20-oc. 
portions of chloroform-ether, and then with 
10-cc. portions until a few drops of the alka­
line solution, on acidification with acetic acid, 
give no precipitate with Mayer*s reagent. Com­
bine the extracts In a tared flask and evaporate 
off the solvent mder a current of air at 80OC. 
In all previous work It was noted that the final 
chloroform-ether extract and the residual total alkaloids 
after removal of solvent were more or leas amber-colored. 
Since no alkaloid heretofore isolated from the Veratrums 
is colored, it was obvious that some impurities were being 
carried through the procedure. Hence a series of experi­
ments was made on one sample of powdered drug with a view 
to overcoming this difficulty. Since the chloroform-ether 
mixture is known to have very high solvent powers, ether 
alone and chloroform alone were tried; in some experiments 
ether was used first, followed by chloroform, and In 
others the order was reversed. The first solvent was used 
until the last extract gave no precipitate with Mayer's 
reagent, whereupon the change was made. The chloroform-
ether mixture was also used as a control. 
Results 
A blank assay was made according to the method of 
Vlehoover and Clevenger (89), outlined above. The blank 
seemed necessary in order to ascertain whether inorganic 
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salts, especially amTnonium salts, might be carried through 
the procedure. This determinstion shov?ed that no blank 
correction was necessary. 
The duplicate assays made by the same method on three 
different samples of crude Veratrum viride gave somewhat 
inconsistent results. The percentages of total alkaloids 
extracted by this method are given in Table II. 
Table II. Results of chemical assay of Veratrum viride 
according to method of Viehoever and Clevenger. 
' Total alkaloids, per cent 
Sample ; Assay No. 1 r Assay No. 2 
A 0.17 0.17 
B 1.09 0.73 
C 1.41 1.11 
The experiments with the modified procedure, using a 
10.0-g. sajnple and filtering and washing the crude drug 
after extraction gave more concordant results, when put 
into use to determine the effectiveness of different al­
kaline agents in freeing the alkaloids from the crude drxig. 
The data, presented in Tnble III, show the percentage total 
alkaloids extracted from subsamples of one sample using the 
several reagents. They indicate that ammonium hydroxide, 
sodium hydroxide and calcium hydroxide are equally satis­
factory, and that the addition of some base is necessary 
for extraction of the alkaloids from the crude drug. 
- 36 -
Table III. Effectiveness of various alkaline reagents 
in freeing alkaloids from crude drug. 
• 
• Total alkaloids. per cent 
Treatment : Assay No. 1 • • Assay No. 2 
Ammonium hydroxide 1.42 1.39 
Sodium hydroxide 1.47 1.22 
Calcium hydroxide 1.36 1.47 
None 0.92 0.94 
Since the use of calcium hydroxide was effective and 
it had the added advantages of keeping the drug in a granu­
lar condition and of tending to prevent the formation of 
emulsions in the acetic acid extractions, the assay pro­
cedure was modified by substitution of the lime suspension 
for ammonium hydroxide. 
This new procedure was then made use of in an extended 
series of assays whose purpose was to investigate the in­
fluence of solvents in the final extraction. Since the 
final extract obtained when chloroform-ether was used was 
distinctly colored and hence contained impurities. It 
seemed probable that ether or chloroform used separately 
or In succession would produce a more satisfactory extrac­
tion. The results of these tests are given in Tables IV, 
V, and VI. These data show that chloroform alone extracts 
as great an amount of material as does the chloroform-ether 
mixture, about 1,55 per cent. The amounts of alkaloids 
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Table IV. Perconteges of alkaloids extracted 
rising chloroform-ether ralxttir© In 
the final extraction. 
Sub sample Ho. ; Alkaloids, per cent 
7 1.39 
9 1,55 
13 1»59 
14 1.71 
19 1.41 
26 1.62 
27 1.60 
28 1.56 
Mean 1.55 
Table V. Percentages of alkaloids extracted with ether 
and then chloroform In the second extraction. 
• 
• Percentage alkaloids extracted by 
Subsample No. : Ether : Chloroform : Total 
3 0.83 0.43 1.26 
4 0.73 0.55 1.28 
5 0.87 0.39 1.26 
6 0.93 0.37 1.30 
8 0.74 0.54 
CO 03 .
 
H
 
10 0.74 0.54 1.28 
15 0.60 0.79 1.39 
16 0.63 0.80 1.43 
Mean 0.76 0.55 1.31 
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Table VI. Fercentagoa of alkaloids extracted vjith. chloro­
form, and then ether in the second extraction. 
; PercentaKe alkaloids extracted by 
Subsample Wo» : Chloroform • • Ether : Total 
17 1.56 0.08 1.58 
18 1.57 0.02 1.59 
Mean 1.56 0.02 1.58 
extracted by the respective solvents fi'om the different 
subsamples vary considerably, but the total yields are 
generally quite consistent. It must be noted that the 
total yields, about 1.31 per cent, are uniformly less 
than the yields obtained by use of the solvent inlxtiare. 
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DISCUSSION OP ASSAYS 
The chemical assay method for estimating total crude 
alkaloid content of Veratrum viride given by Vlehoever and 
Glevenger (89) appeared to be rather unsatisfactory for 
general use. The difficulties encountered include the 
great care that must be taken to prevent evaporation of 
solvent, the difficulty in filtering the crude drug due 
to its glutinous nature when treated with ammonium hy­
droxide or sodium hydroxide, and the formation of emul­
sions during the acetic acid extraction. 
The first difficxxlty was removed by taking a smaller 
sample of drug, extracting with the same amount (150 cc.) 
of solvent and filtering and washing the drug after extrac­
tion, The sllminess characteristic of the alkali-treated 
drtjg was overcome by use of a suspension of calcium hydrox­
ide in place of ammonium hydroxide or aodlvtm hydroxide, A 
series of testa indicated that all three basic reagents 
were equally satisfactory for releasing the alkaloids from 
the crude drug. In addition, the substitution of calcium 
hydroxide was effective In preventing emulsion formation. 
The procedure thus modified was then applied to a fur­
ther phase of"the investigation. It had been constantly 
noted that the final chloroform-ether extract was distinctly 
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colored, a fsct pointing to the presence of nonallcaloldal 
impurities in this extract. A series of assays vJas made, 
in which the modified procedure was follov/ed with chloroform-
ether as final extractant. The mean, of 8 assays by this 
method showed a total alkaloid content of 1«55 per cent. 
Two tests were then made in which chloroform was used alone, 
followed by ether. The total alkaloids extracted by this 
method averaged 1.58 per cent, thus equal in amount to the 
yield with chloroform-ether as solvent. Eight more tests 
were made, but v/ith ether alone until alkaloids were no 
longer extracted, and then chloroform until complete extrac­
tion was attained. Whereas the individual solvents gave 
quite erratic results, the total of the alkaloids extracted 
was very consistent, with a mean of 1.31 per cent. The 
residues thus obtained from the ether extractions were 
practically colorless. Thus it is evident that the pro­
cedure involving successive extraction with ether and then 
chloroform, which showed a mean alkaloid content of 1.31 
per cent, was equally as effective In the extraction of 
alkaloids as the other two procediares which separated 1.55 
and 1.58 per cent of the plant material. The conclusion 
to be dravin from this fact la that the other 0.2 to 0.3 
per cent extracted by the chloroform-ether mlxtwe and 
chloroform followed by ether was impurities nonalkaloldal 
In nature. 
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This conclusion Is in part borne out by the inaecti-
cidal work of Plaher (25)• He applied the modified assay 
procedvire to two comDiercial samples of Veratrum viride, 
•using chloroform-ether as final solvent. The alkaloid con­
tent was nearly the same for the two samples. He used 
these residues for his experimenta, terming thera "total 
alkaloids*" He then assayed the samples using ether alone 
as solvent, followed by chloroform. These fractions he 
called "ether-aoluble alkaloids" and "ether-insoluble 
alkaloids," respectively* The six fractions, when tested 
in poison baits on the American cockroach (Periplaneta 
ainericana). gave results which led to the concluaions that 
the "ether-aoluble alkaloid" fraction containod most, if 
not all, of the toxic alkaloids, and that the "ether-
insoluble alkaloids" fraction, as evident from its color, 
containod nonalkaloidal material* The fact tliat the ratio 
of the amomt of "ether-aoluble" to "total alkaloids" in 
both samples was similar to the ratio of the median lothal 
dosages of these same materials led to the tentative con­
clusion that the standardization of the drug for insecti-
cidal purposes should bo baaed on the "ether-aoluble" 
rather than on the "total alkaloid" content* 
A further conclxision may be drawn from the work of 
I^isher* Whereas the total alkaloid contents of the two 
samples he used were nearly equal, the toxicities of the 
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total alkaloid fractions wero statistically different, 
thus corroborating on insects much previous work on verte­
brate animals which indicated that biological and chemical 
aasays could not be directly correlated# 
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SEPARATION OF ALKALOID MIXTURE 
Methods 
The first two experiments on separation of the crude 
alkaloid mixttire from Veratrm vlrlde to be described herein 
were made on a sample of "Hellebore Root, American" obtained 
from the S. B. Penlck Co. This sample of drug assayed 2,25 
per cent total alkaloids by the modified procedure outlined 
in a preceding section, in which chloroform-ether was em­
ployed as final extraction solvent. The third experiment 
v/as made on a combination of several lots of the crude drug. 
The samples were prepared for extraction by grinding them 
in a Wiley mill to pass a 20-mesh screen. 
Tests to determine the presence of alkaloids in solu­
tions were made with Mayer's reagent, which is a solution 
of 10 g. of potassium Iodide and 15 g. of mercuric iodide 
in 100 cc. of water. This solution forms a precipitate 
with all but the simplest alkaloids in aqueous acid solu­
tion. To test organic solvents immiscible with water, 
such as chloroform and ether, for the presence of alkaloids 
a small sample of the liquid was extracted with an equal 
volume of 10 per cent acetic acid solution and the deter­
mination was made with Mayer's reagent on this extract# 
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Experiment A. 
For this experiment, outlined diagrammatically In Fig. 
1, 1250 g» of the crude drug was mixed with 500 cc. of 10 
per cent ammonium hydroxide solxition and pocked into a con­
tinuous extractor. Here the drug M?as extracted with ether 
for about 65 hours* The drug residue was then dried by 
drawing air through the extractor for 8 hours and the ex­
traction was continued for 72 hours with chloroform as 
solvent. The extracted drug residue was discarded. 
During the chloroform extraction there had separated 
in the solvent reservoir a light-colored solid G, which was 
filtered off and washed v/ith chloroform, and, after drying 
in air, weighed 3.55 g. Both solid C and the chloroform 
extract (a) were nontoxic when tested on the American cock­
roach by a procedure to be outlined in a later section. 
There had also separated in the reservoir during the 
ether extraction of the drug 10«3 g. of a tan-colored solid 
A, which was filtered off, washed with ether and air-dried. 
The solid A was treated with 160 cc. of 2.5 per cent acetic 
acid solution, leaving a slight residue B, weighing when air-
dried 0.45 g., which was nonalkaloidal and was therefore 
discarded. The acid filtrate was made alkaline with con­
centrated aimnonium hydroxide, a flocculent, yellow precipi­
tate forming. This suspension was first extracted with a 
200-cc. portion of ether, and then with 10 sucoessive 
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Fig. 1. Schemtic outline of procedure followed in Experiment A. 
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100-oc. portions, the ether extracts being combined (b)o 
The aqueous suspension, which v/as still strongly alkaloid-
containing, was separated into two portions, one contain­
ing the solid and the other most of the aqueous solution 
(c). The suspension was extracted with ether in a con­
tinuous extractor J two fractions were collected, the first 
after 28 houi's' extraction, and the second after 17 hours 
more. Prom these two extracts there had separated yellow 
solids along the sides of the reservoir, D and E, respec­
tively. D and E were filtered off, combined, and, after 
being dried in air, weighed 0.14 g« This fraction was non­
toxic. 
The two contin\ious ether extractions had still not 
removed all the alkaloidal material from the aqueous sus­
pension, so the latter was sattirated with carbon dioxide to 
make the solution more nearly neutral, and the ether ex­
traction was continued for 43 hovirs longer, a solid H sepa­
rating in the reservoir. This solid resembled D and E very 
much. The residual suspension was filtered, yielding a 
solid jP which when air-dried weighed 8.1 g. It was non­
toxic. The filtrate gave only a faint test for presence of 
alkaloids with Mayer's reagent. 
The aqueous solution (c) was extracted with ether until 
all alkaloids had been removed. This ether extract was 
combined with (b) and the filtrates from D and E, dried 
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over anhydrous sodltm sulfate, end the solvent removed 
completely by evaporation. The alr-drled residue F weighed 
1.79 g. 
The original ethor extract (d), from which A had been 
removed, was quite toxic on injection into cockroaches# 
It was extracted v/lth dilute hydrochloric acid (one volume 
of concentrated acid to nine volumes of water) in 100-cc. 
portions until all the alkaloids were removed. In the 
first three acid extractions there separated a light-
colored solid R which was filtered off, washed with water, 
air-dried and found to weigh 3.8 g. 
The aqueous acid extract was made alkaline with am­
monium hydroxide and extracted with twenty 100-cc, portions 
of ether, the last of which contained scarcely any alkaloids, 
whereas the alkaline solution (e) was strongly alkaloldal. 
The ether extract (f), which was toxic, was concentrated to 
about 10 cc. and on standing in the Icebox a solid S weigh­
ing 0.24 g. separated which was slightly toxic. The filtrate 
T was examined fiorther but yielded no significant informa­
tion. 
The alkaline solution (e) was extracted with ten 100-
cc. portions of chloroform, thus removing all the alkaloids. 
The chloroform extract (g) was found to be only slightly 
toxic. 
- 48 -
Experiment B. 
The procedtire followed In Experiment B la shown in 
Pigs, 2 and 5. The esflentlal difference from the method 
of Experiment A was the use of a pi'ocedur-e developed by 
Salzberger (01) In which jervine was separated from the 
other alkaloids by precipitation from aqueous acetic acid 
solutions as the metaphosphate. 
The crude drug was from the same lot used in the first 
experiment, A solution of 175 g. of tartaric acid in 5,15 
kg, of water was mixed with 5,47 kg. of the ground drug. 
The wet drug was placed in a continuous extractor and ex­
tracted with ether for 4 days. The resultant ether extract 
was red-brown in color and contained much oily material but 
no alkaloids. An excess of ammonia was passed into the 
extractor, making the drug strongly alkaline, and the ether 
extraction was continued for 8 days, during which time there 
separated on the sides of the reservoir a gray solid C. 
This oily solid was filtered off, washed with a small amomt 
of ether, and dried in air. It weighed 47.5 g# 
The solid C was treated with 250 cc, of 10 per cent 
acetic acid solution, leaving a slight amount of nonalka-
loldal residue which vms discarded. The acid solution was 
extracted with six 50-oc, portions of ether which removed 
some of the coloring matter and a small amount of alkaloids 
(a). It was then extracted with two 100-cc, portions of 
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Fig. 2. Schematic ontline of procediare followed in Experiment B. 
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chloroform, the chloroform solution was diluted with an 
equal volume of ether and was extracted with 10 per cent 
acetic acid to recover the alkaloids. The residual, colored 
chloroform solution was discarded. The acid extract was 
combined with the main body of acid solution. The ether 
solution (a) was also extracted with 10 per cent acetic acid 
to recover the alkaloids, and the colored ether solution 
was discarded. The acid extract was likewise returned to 
the main body of acid solution. 
Ammonium hydroxide was added to precipitate the alka­
loids from this acetic acid solution. The precipitate (b) 
was filtered off, washed with dilute ammonium hydroxide, 
and dried in air. It weighed 34tt4 g. It was treated with 
10 per cent acetic acid and filtered from the nonalkololdal 
residue. The filtrate from (b) was extracted vaith chloro­
form until the alkaloids were all removed, the chloroform 
extract was diluted with an equal volume of ether, and the 
solution was extracted v;lth 10 per cent acetic acid. The 
colored, nonalkaloidal chloroform-ether solution was dis­
carded. 
This acetic acid solution was combined with the clari­
fied acid solution of (b), and to it was added a freshly 
prepared solution of 15 g. of metaphosphoric acid in 50 cc. 
of water. There formed immediately a flocculent precipi­
tate E which was filtered off and washed with dilute 
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metaphosphorlo acid solution. The precipitate E was sus­
pended In dilute ammonium hydroxide to release the alkaloids 
from their compounds and the suspension was extracted with 
chloroform. A small amount of insoluble resid.ue was found 
to be nonalkaloidal so was discarded. The chloroform solu­
tion of alkaloids was concentratod to one-third its volrjme 
and was diluted with an equal volume of ether, whereupon a 
white, crystalline precipitate P formed, which weighed 
6.8 g. on being filtered off and dried in air. It was non­
toxic. 
The chloroform-ether filtrate (c) was then extracted 
with two 25-cc. portions of 10 per cent acetic acid which 
removed part of the alkaloids. This acid solution was made 
alkaline with ammonium hydroxide, precipitating a large 
amount of material. This suspension was extracted with 50 
cc. of etherj the resulting ether extract, being only 
slightly alkaloid-containing, was discarded. The aqueous 
suspension was filtered and the precipitate (d) was dis­
solved in chloroform. The alkaloid-containing filtrate was 
extracted with chloroform to remove the alkaloids, and the 
chloroform extract was combined with the solution of (d). 
This solution was diluted with two voliames of ether, a 
crystalline precipitate G forming. The latter, when fil­
tered off, washed, and air-dried, weighed 2.24 g. and was 
nontoxic. On further standing more crystalline solid H 
- 63 -
separated from the chloroform-ether solution, was filtered 
off, and. was dried in air» It weighed 3.9 g. and was also 
nontoxic. The filtrate contained only a small amount of 
alkaloids so was discarded. 
The chloroform-ether filtrate (c), after partial ex­
traction with acetic acid, was extracted with a fvirther 
fow 25-cc. portions of 10 per cent acetic acid, and these 
extracts were combined as (e). The chloroform-ether solu­
tion still contained alkaloids, so was concentrated and 
diluted with an equal voliwie of ether, and the acetic acid 
extraction continued until all the alkaloids had been re­
moved. This final acid extract was combined as M and was 
not examined further. 
The middle portion of acetic acid extract (e) was made 
alknline with ammonixim hydroxide and filtered from the 
resulting precipitate J. The latter when air-dried weighed 
1.0 g. and was nontoxic. The filtrate from J contained a 
small amount of alkaloid so was extracted with five 40-cc.. 
portions of ether, yielding on concentration an extract 
which was slightly alkaloidal and was not vvorked up further 
One 40-cc. chloroform extraction removed the balance of the 
alkaloids from the aqueous solution, the chloroform extract 
after concentration to 10 cc. and dilution with 20 cc. of 
ether, also being only slightly alkaloid-containing. It 
was similarly discarded. 
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The filtrate from the precipitate of metaphosphate E 
(3?ig« 3) was made faintly alkaline with ammoniTJin hydroxide, 
a tan, amorphous precipitate K forming# This precipitate 
was filtered off, washed with dilute ammonium hydroxide, 
and air-dried. It weighed 1»47 g. and was slightly toxic. 
The filtrate from K v/as made strongly alkaline with 
anmionim hydroxide, a further precipitate L forming. This 
was also filtered off, washed and dried in air® It weighed 
0.153 g. and vms toxic. The filtrate from L, (f), was non­
toxic, though it still contained alkaloids. It was ex­
tracted with ether; the aqueous solution remaining still 
contained a small amount of alkaloids but was not worked 
fwther. The ether extract was evaporated to dryness and 
the residue was taken up in dilute acetic acid. On further 
working it yielded no useful information. 
The ether filtrate D (Pig. 2) was found to bo toxic. 
On standing for some time in the laboratory there separated 
an oily layer and a solid material. The ether solution (g) 
was filtered off, and the residual oil and solid were ex­
tracted with dilute acetic acid to remove the alkaloids. 
The acid solution was extracted with chloroform which re­
moved some of the coloring matter and a small amount of 
alkaloids. On concentration of the chloroform extract and 
dilution with ether a brown solid separated out. These 
fractions were not worked fwther. 
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The other solution (g) was evaporated! in a vaouuni, nnd 
the residual dark oil v/as dissolved In chloroform and ex­
tracted v/ith acetic add until all the alkaloids had bean 
removed# The acid extract was treated with an excess of 
freshly prepared metaphosphoric acid solution, a voluminous 
precipitate D3 separating. This was filtered off, suspended 
In ammonium hydroxide and shaken out with chloroform. Tho 
resulting chloroform solution was not worked up since simi­
larly obtained solutions always yielded nontoxic alkaloids, 
and the residual aqueous solution, being nonalkaloidal, was 
discarded. 
The filtrate from the metaphosphate Dg was treated 
with an excess of ammonium hydroxide and a large amount of 
precipitate was formed. This was filtered off and dried 
in air. It weighed 19.9 g. and was toxic. 
Experiment C. 
A third experiment was made in which several lots of 
crude Veratrum vlride were combined. The procedure followed 
was based closely on that outlined for Experiment B, Figs. 
2 and 3, but attention was concentrated on fractions found 
in earlier work to be toxic to the American cockroach and 
hence of especial interest. 
A total of 7.56 kg. of crude drxig was wet with a water 
solution of 200 g. of tartaric acid, allowed to dry in air. 
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and then extracted oontinuoualy with other for 3 days. The 
resulting ether solution, containing no alkaloids, was 
discarded. The crude drug was then dried in air, mixed 
with an aqueous suspension of calcium hydroxide to make 
olkaline, x'eplaced in the extractor and extracted with ether 
for 6 days. As in Experiraont B, there separated in the 
reservoir of the extractor during extraction a gray solid 
A. This was filtered off from the ether soliition B. 
The solid A, similar to C of Experiment B, was dis­
solved in 300 cc. of 10 per cent acetic acid and was ex­
tracted with ether for 24 hours to remove extraneous ma­
terial. The residual acid solution corresponded to solu­
tion (h) of Experiment B, from which had eventually been 
isolated the toxic fraction L, small In quantity. This 
solution, therefore, was made alkaline with ammonium hy­
droxide and was filtered. The precipitate H thus obtained, 
Tifeighing 9.6 g., was not Investigated further, since the 
fractions similarly obtained in Experiment B had consisted 
predominantly of nontoxic alkaloids. The filtrate J, from 
precipitate H, was extracted with 25-cc. portions of chloro­
form, the combined extract was concentrated to 40 cc. and 
was allovijed to stand for two weeks. During this time there 
separated out slowly a small amount of crystalline material, 
which was filtered off, washed and air-dried. It weighed 
0*25 g« 
- 57 -
The ether aolutlon B, corresponding to D of Experiment 
B, was concentrated to remove almost all of the ether, was 
taken up in chloroform and viaa extracted with 10 per cent 
acetic acid in 60-cc. portions, a total of 3000 cc« of 
extract being collected, Thiu acid solution v/aa made alka­
line with ammonium hydroxide and the resulting precipitate 
D vms filtered off and air-dried. It weighed about 45 g. 
Forty grams of precipitate D was dissolved in 10 per 
cent acetic acid and was diluted with water to 250 cc. 
This solution was cooled in an ice bath and was treated 
viith a freshly ^ prepared solution of metaphosphoric acid, 
a ctirdy precipitate forming. This precipitate K weighed, 
when air-dried, 18.5 g. Since precipitates thus obtained 
in the previous experiments had yielded only nontoxic alka­
loids this fraction was not examined further. 
The filtrate from K was made alkaliiae with ammonium 
hydroxide and the resulting precipitate L was filtered off. 
This fraction, which was toxic and corresponded to the toxic 
fraction D4 of Experiment B, weighed 15.9 g. The filtrate 
Tias slightly alkaloidal and was not investigated further. 
Fractions Obtained and Alkaloids Isolated 
Some of the fractions separated in the experiments Just 
detailed were investigated further and yielded certain 
valuable information. 
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Experliment A. 
Tho combined solids, D and E, weighed 0»14 go A solu­
tion was made of 55 mg. of this fraction in 5 cc. of hot 
95 per cent ethyl alcohol, the solution was filtered, and 
the filtrate was placed in tho icehox to crystallize. The 
recrystallized material was filtered off, washed with al­
cohol and dried in air. The yield of recrystallized solid 
was 37 mg. It became colored in the molting point apparatus 
at about 230°C. and melted with decomposition at 237-239®C,-h-
This recrystallizatlon was repeated, and then dilute methyl 
alcohol was used as solvent for a third recrystolllzation. 
The I'esulting needles darkened at 230°C.j m.p. 237-241°C. 
decomposing. This product vjas jervine, which melts accord­
ing to Poethlce (70) at 243-244°C. (corr.) and according to 
Salto and coworkers (SO) at 243.5-244.5*^0. This fraction 
was nontoxic. 
The crude residue P weighed 1.79 g. Fifty rag. were 
heated with 1 cc. of 95 per cent ethyl alcohol, most of the 
solid dissolving to form a dark brown solution. Prom this 
on standing In tho Icebox there separated 5 mg. of a needle-
like crystalline precipitate which melted at 233-239°C. with 
decomposition, after darkening about 230°C. The fraction 
•Jf-All melting points were taken in the Pisher-Johns micro-
melting point apparatus equipped with a microscope for ob­
servation. The temperature was raised rapidly to about 
30® below the expected melting point, after which the rate 
of heating was lowered to about 3° per minute. The alka­
loids and their derivatives with but few exceptions melt 
with decomposition or decompose before melting. 
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that did not dissolve in the first 1 cc. of alcohol was 
dissolved in 2 cc» more of alcohol. Prom this straw-
colored solution there were recovered 3 mg# of needle-like 
crystals which darkened at 230° and melted with decomposi­
tion at 230-243®C» Thus residue P yielded Jervlne also. 
Once-recryatalllzed material from this fraction was non­
toxic. 
The solid H waa in crystalline form so was scraped from 
the sides of the flask, filtered off, and washed with ether. 
It darkened above 190® and melted with decomposition at 
237-241°C, Its needle-like crystalline form, its melting 
point, and the fact that it was obtained in a manner simi­
lar to that used in collecting, D and E indicate that H was 
also Jervine. 
The precipitate R which was obtained on hydrochloric 
acid extraction of the ether extract (d) weighed 3.8 g. 
when air-dried. A small portion of R waa boiled with 
absolute ethyl alcohol, part going into solution. The fil­
trate was placed in the icebox to crystallize. The result­
ing fine, granular crystals were filtered off, washed with 
more solvent and air-dried. In the melting point apparatus 
they were observed to darken about 230°C., and a sublimate 
of clear, colorless rosettes of prism-like crystals began 
to form. The blackening portions started to melt about 
280° and the sublimate melted about 300°0. with decomposition. 
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The undissolved portion of R began to darken about 200°C«, 
a sublimate of clear rosettes of needles and prisms began 
to form about 250° and continued to 285°, The brown por­
tion melted about 285-295° and the sublimed crystals melted 
"With decomposition at 300-302°Ce The precipitate R thus 
appeared to be jervine hydrochloride, which according to 
Saito et al» (79) melts about 30Q®C« 
Experiment B. 
The precipitate P, recovered from the metaphosphate 
precipitate E, was obtained in the form of radiating needle-
like crystals. Its molting point was 240-242°C., decom­
posing, It appeared to be Jervlne, and was found to be 
nontoxic# 
The precipitate G, obtained in the form of impure 
crystals, weighed 2,24 g« On heating It melted sluggishly 
to a dark brown liquid from 242-247°C. This product was 
very difficult to purify, owing to its pronounced tendency 
to adsorb impurities whenever precipitated or crystallized# 
To effect the pxirifIcation 1.5 g. of the crudc fraction was 
treated with 10 cc. of 10 per cent acetic acid solution, 
filtered from the insoluble residue, the filtrate diluted 
with 40 cc. water and 40 cc. methyl alcohol, heated to boil­
ing, neutralized with dilute {1:3) ammonium hydroxide 
solution till a turbidity formed, and cooled slowly. The 
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resulting brown, crystalline precipitate, after filtration 
and air-drying, sintered at 245®, darkened above 250° and 
melted at 2t30-295°G. with dficoinposition. It weighed 0.98 
Port of this fraction, 0.75 g«, was boiled v/ith 25 cc« 
of methyl alcohol, a dark brown solution forming, and a 
light tan residue remaining. The latter, weighing 0.43 g., 
darkened above 275° and melted at 295-S05°Ca with decom­
position. Of this fraction 0.4 g. was dissolved in the 
least amount of 10 per cent acetic acid necessary, the 
solution was diluted to 19 cc, with water, 20 cc. ethyl 
alcohol was added, the solution was heated to boiling and 
neutralized with 1:2 ammonium hydroxide solution. On cool­
ing slow crystallization took place. The resulting precipi­
tate apxjeared in the form of colorless platelets, weighing 
0.23 g. It darkened above 280° and melted at 298-300°C» 
with decomposition. It was pseudojervine, which molts with 
decomposition at 304-305.5°C. according to Poethke (70) and 
at 300-307°C, according to Salzberger (81). It was non­
toxic. 
The crystalline precipitate H, weighing 3.9 g., melted 
at 235-242°C. with decomposition. Three grama of this 
fraction was dissolved in 15 cc. of 10 per cent acetic acid 
solution, filtered, diluted with v/ater to 50 cc. and to 
90 cc# with methyl alcohol, heated to boiling, and neu­
tralized with 1:3 ammonium hydroxide until a turbidity 
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appeared In the solution# On cooling 0.11 g» of crystal-
lino solid was obtained. TVio filtrate from this v;aa again 
boiled and treated v;ith ammonium hydroxide until a rather 
large amount of precipitate was formed. This was filtered 
off after cooling, washed and dried in air. The process 
was repeated, and a third fraction was obtained. The 
second and third fractions combined weighed 2.35 g« Of 
these combined, fractions 2.0 g. was dissolved in 40 cc. of 
boiling methyl alcohol, and 6 cc. of water was added, a 
turbidity appearing in the solution. On cooling a p\are 
white, needle-like precipitate was obtained, weighing 
1.56 g. It dur-kened above 200° and melted with decomposi­
tion at 241-243*^0• It was jervine and was nontoxic® 
The precipitate J weighed 1.0 g. On recrystallization 
from dilute ethyl alcohol and a trace of aimnoniura hydroxide 
it formed needle-like crystals, melting at 236-241°C. v/ith 
decomposition. It also was jervine and was nontoxic. 
Of the impure, amorphous precipitate K, which was 
slightly toxic, 3 mg. was dissolved in dilute acetic acid, 
and a saturated solution of picric acid was added, a yellow 
precipitate forming slov/ly. This was filtered off and air-
dried. It was then dissolved in a very small quantity of 
acetone, and ether was added. On standing there separated 
a dark brown solid which was filtered off, and the filtrate 
was allowed to evaporate. There formed a small amomt of 
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yollow, cryatalllne precipitate which 'was washed v/lth ether 
and dried. It melted at 230-233®C« This plcrnte is un­
identified# 
The amorphous precipitate L, which was toxic, weighed 
0.158 g. Numerous experiments were made on this fraction, 
Including attempts at fractional crystallization, sublima­
tion and salt formation, none of which gave positive in­
formation. 
The crude, brown, amorphous precipitate D4, weighing 
19,9 g«, was toxic# I/Iany experiments were made on this 
fraction, mostly without success# Chromatographic adsorp­
tion was tried with unfavorable resixlts# One procedwe, 
however, gave some valxiable information# As an example of 
this procedure, 1 g. of the fraction was dissolved in 1 cc# 
of 10 per cent acetic acid, diluted with water to 4 cc# 
and treated with a solution of potassium nitrite to sepa­
rate out through their insoluble nitroso derivatives the 
secondary amine alkaloids, such as Jervine, probably 
present in this fraction, A dark brown, sticky precipitate 
was formed, from which the supernatant liquid was poured# 
The sticky precipitate after being dried in air amounted, 
on an average to 0#6-0.7 g. Repeated solution in ethyl 
alcohol and reprecipitation by dilution purified this 
nitroso fraction to such an extent that crystallization 
was attained from dilute ethyl alcohol# The crystalline 
- 64 -
solid thus obtained melted at beat at 228-240®C» VJlth de-
compoaitlon# This nltroao derivative -was probably that of 
jervlne» Nltrosojervine was prepared from pure Jervlne for 
comparison and wos found to melt after three recrystalliza-
tlons from dilute ethyl alcohol at 250-254®G. with decom­
position, According to Poethke (70) nitrosojervine melts 
at 246-847°0» with decomposition, and according to Saito 
et al. (80) at SSl-gSS'^C. 
The filtrate from the nltroao fraction v;as made alka­
line with airanoniijin hydroxide and was extracted with ether. 
Evaporation of the solvent left a slightly colored residue 
(j) amounting in different experiments to 0.06-0.12 g. 
The residue was extracted with benzene, the greater part 
going into solution and a little remaining undissolved. 
This undissolved fraction was washed with alcohol which 
took out most of the remaining colored impurities. The 
residue was then crystallized by solution in dilute acetic 
acid and reprecipltation with ammonium hydroxide. By re-
crystallization from a dilute alcoholic acetic acid solu­
tion on addition of ammonium hydroxide dendritic crystals 
were obtained which darkened above 250°G. and charred at 
265-270°C, This appeared to be protoveratridlne, which 
melts according to Poethke (69) at 266-S67°G. with decom­
position and according to Salzberger (81) at 265 
This crystalline product was dissolved In dilute acetic 
acid, heated and treated with a saturated solution of picric 
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0cid» On coding oryatalllno platelets separated out. The 
alr-drled crystals weighed 2.S mg# They recrystallized to 
large rhombs above 220®C« and melted and boiled away at 
245-252®C« with some decomposition. This picrate appeared 
to be protoveratridine picrate, vjhich according to Poethke 
(69) decomposes at 244-246°C. without melting completely# 
In one of these experiments involving separation 
through the nitroso derivatives, the benzene extract from 
the ether residue was evaporated to dryness. The residue 
was dissolved in dilute acetic acid and was treated with a 
saturated picric acid solution. On alow evaporation in a 
desiccator a crystalline picrate was obtained which dar­
kened above 230^0. and decomposed and sublimed away at 
245-251°C. A mixed melting point determination with the 
previously isolated protoveratridine picrate showed no 
depression. 
'Rxperimoat £• 
In this experiivent extensive work was done on two 
products, JP and L, which were obtained from fractions 
similar to the toxic fractions L and of Experiment B. 
Fraction P which weighed 0»25 g« when air-dried was 
crystalline and melted over a range from 180 to 220®C. to 
an almost colorless oil. It was recrystallized from a 
concentrated solution in methyl alcohol, forming large 
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rhombs and cubes which melted partially at 170-175°C«, 
started to decompose and resolidify above 190° and finally 
melted with decomposition at 215-227°C. Prom Its first 
isolation from chloroform. Its considerable solubility in 
water, methyl and ethyl alcohols and chloroform, its fail\a?e 
to be precipitated from an aqueous solution by alkalies and 
its peculiar behavior in the melting point apparatus, this 
product was thought to be germlne, discovered recently by 
Poethke (69) to be the basic hydrolysis product from the 
toxic alkaloid germerine. Poethke found that germlne had 
solubilities similar to those juat mentioned and observed 
that it sintered betv;een 160 and 170® and melted about 
220°C. Further examination of this fraction will be re­
ported in the next section. 
Th© crude fraction L v^as found to be toxic to the 
American cockroach. A one-gram portion of this was treated 
with dilute hydrochloric acid solution and filtered from the 
slight residue remaining. The filtrate was diluted with 
water to 30 cc», 3 cc. of alcohol was added, the solution 
was heatod to boiling and several drops of 70 jier cent per­
chloric add were added. There was formed a brown precipi­
tate which was filtered off and air-dried« It weighed 0«37 
g» The filtrate was Investigated extensively but gave no 
useful information. The precipitated alkaloid perchlorate 
was suspended in dilute ammonium hydroxide and was extracted 
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with ether. The ethor solution was evaporated to dryness, 
the reaidUQ again taken up In dilute ocetic acid, the solu­
tion made alkaline with aminoni\ira hydroxide and e^ctracted 
with ether. The ethor sol\itlon on evaporation left a resi­
due weighing 0.S9 g. This residue was taken up in diltite 
acetic acid, the solution made alkaline with ammonium 
hydroxide and the resulting precipitate filtered off. The 
filtrate from It was investigated fiirther but gave no 
information. The precipitate was dissolved in alcohol and 
dilute acetic acid, and the alcohol was evaporated off 
imder vacuum,. On evaporation of the alcohol much of the 
coloring matter separated out and the supernatant acid 
liquid was potired off. This solution was made alkaline 
with armnonium hydroxide and was extracted with e,ther. 
Evaporation of the ether left a residue weighing 0.18 g. 
This was recrystallizod from ethyl alcohol by diluting the 
hot solution and formed needle-like crystals which melted 
at 235-237°C. with decomposition. On recrystallization 
from dilute ethyl alcohol the product melted at 239-243^0. 
with slight decomposition. This fraction appeared to bo 
rubijervine, which melts according to Poethke (70) at 
839-S40®C. with decomposition. Further examination of 
this fraction was made and will be reported in the next 
section. 
Two grams of fraction L was dissolved in Isl hydro­
chloric acid and the solution was diluted to 250 cc. This 
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diluted solution was placed in a continuous extractor and 
was extracted with chloroform. Nine auccessivo portions 
of extract v/ero collected, all containing small amounts of 
alkaloidal material. Then 10 cc» of concentrated ainmonlura 
hydroxide was added to the aqueous solution and the ex­
traction V7as continued for 24 .hours, f^iving extract number 
10. A f^arther 24~hour extraction gave fraction number 11. 
After addition of 10 cc, more of ammonium hydroxide ox-
tracts 12 and 13 were collected# The process was repeated 
for collection o:^ extracts 14 and 15, 16 and IV, 18 and 19, 
Addition of the next 10 cc» of airmjoniiam hydroxide made the 
aqueous solution slightly alkaline. Continued chloroform 
extraction gave extract number 20. A further addition of 
10 cc. of ammonium hydroxide made the solution strongly 
alkaline and the extraction was continued till no fwther 
alkaloidal material was removed, the final extract being 
number 21. 
All of the first 19 extracts were evaporated to small 
volumes, giving small amouiats of amorphous product. On 
standing extracts 20 and 21 yielded crystalline material 
v/hich had the same charactoristics as did fi'action P and 
proved to resemble germine. 
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STOTy OP PURE ALKALOIDS 
Jervine 
Free base* 
Pwe jervine melted at S41-243®C» with decomposition, 
after previously darkening above 200®C« Poethlce (70) 
foxmd that jervine crystallized from methyl alcohol con­
tained one molecule of solvent of crystallization, and that 
obtained from dilute ethyl alcohol contained two molecules 
of water of crystallization* The data obtained here show 
that the alkaloid crystallized from dilute methyl alcohol 
contains one molecule of water of crystallization. 
Analysis 
Calculated for CggHsyOgN'OHgOH: 7.22^ loss. 
Calculated for C20HgYO3N»2HgOj 8,05^ loss. 
Calculated for Cg0H2r7O3W»HgO: 4.19^ loss. 
Pound on drying at 110°C, in vacuum over P2O5: 
4.36^, 4.21JS. 
Determination of rotatory power 
-1.57® (ethanol, 7.584 mg. air-dried sample 
in 0.7S35 cc.) -158.5®, calculated as an­
hydrous alkaloid. 
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-1»20® (10;'^ acetic acid, 5.740 mg» air-dried 
sample in 0o7335 cc«) -160.1®, calculated as 
anhydrous alkaloid. 
Poethlco (70) [og^O -154.5° (ethanol), -167.6® 
(chlorofoinn) J Salto et al. (80) -150° 
(ethanol). 
Hydrochloride. 
Jervine formed a hydrochloride v/hich melted at 300-
302°C. with decomposition. Salto et al. (78) gave "about 
303°C." as its melting point. 
Hydrolodlde. 
The hydrolodlde of jervine was prepared by adding a 
potassium iodide aolutlon to a aolutlon of Jervine in dilute 
acetic acid. The amorphous precipitate thus obtained was 
filtered off, washed with water and dried. An attempt was 
made to recrystallize this product from acetone, but it was 
only slightly soluble in this solvent. It was successfully 
recrystalllzed by solution in a large volimie of methyl 
alcohol, addition of water and standing overnight. The 
recrystalllzed Jervine hydrolodlde darkened above 260°C. 
and melted at 2aa-290°C. with strong decomposition. 
Salzberger (81) In an attempted preparation of Jervine 
methiodide obtained a compound melting at 275°C. which he 
said was Jervine hydrolodlde. 
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Piorate. 
Jervlne plcrate, Vi^hich had not been pi'evlously reported, 
was prepared by dissolving 200 mg. of jervlne In dilute 
acetic acid, diluting with water to 50 cc. and precipitating 
•with, an excess of picric acid solution. The resTiltlng amor­
phous precipitate was dried, dissolved in the least amovmt 
of acetone necessary for solution, and the acetone solution 
was diluted with peroxide-free, dry ether# There separated 
yellow crystals, weight when dry 187 nag,, which darkened 
above 210°G. and charred completely without melting at 
274-284°C. 
Analysis 
Calculated for CggHg^CgN'OgHgO^Ng: N, 8«74» 
Pound: N, 8,60, 8.60. 
Nltroso.jervlne. 
Treatment of an acetic acid solution of jervlne with 
potassium nitrite solution yielded a white precipitate 
which vihen recrystallized three times from dilute ethyl 
alcohol melted at 250-254^0. with decomposition. According 
to Poethke (70) nltrosojervine melted at 246-247®C« (corr.) 
with decomposition, and according to Saito et al. (78) It 
molted at •351-252®C. with decomposition. 
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Pseudojervlne 
The melting point of pseudojervlne was 298-300°C« 
with decomposition, after darkening ahove 280°G. The 
molting point of the pure alkaloid given by Poethke (70) 
was 304-305.5°C. (oorr.) with decomposition, Pseudojervine, 
recrystallized by solution in dilute acetic acid, addition 
of ethyl alcohol and treatment with ammonium hydroxide, 
contained no solvent of crystallization. The pure alkaloid 
was only slightly soluble in chloroform or absolute ethyl 
alcohol but was much more soluble in a mixture of the two 
solvents* 
Analysis 
Loss in weight on drying at 105^0• in vacuum over 
PgOg: Q,Z2fo» 
Determination of rotatory power 
-0.64° (1:3 ethanol-chloroform, 3.518 rag. air-
dried sample in 0«7335 cc.) -133.4®. 
0^® -0.77° (1:6 ethanol-chloroform, 4.270 mg. dried 
sample in 0.7335 cc.) -13!2.5®. 
"O.QQ® (10^ acetic acid, 5.454 mg. air-dried 
sample in 0.7335 cc.) -133.1®. 
Poethke (70) [c^^O .139O ^7.43 ethanol-chloroform). 
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Rubljorvlne 
Free baae« 
Rubljervlne on recryatallizatlon from dilute ethyl 
alcohol formed needles melting at 239-243°C. -with alight 
decomposition. Previous reports of the melting point of 
ruhijorvine are; Poethke (70), 239-240°C. with decomposi-
tionj Salzbergor (81), 240-246°C*; Wright and Luff (106), 
236°0« A total of about 10 mg« of this alkaloid was ob~ 
talned, and since its melting point was close to that of 
jervine it was desired to distingulah between them. 
Hydroiodidoo 
The only crystalllno salt of rubljervine reported in 
the literature Is the hydrolodlde prepared by Poathke (70). 
Therefore this salt was made by addition of a few drops of 
potaasivira iodide solution to a solution of the alkaloid in 
dilute acetic acid. The resulting precipitate was filtered 
off, dried and recrystalllzed by solution in acetone (in 
which it was quite soluble) and reprecipltation with ether. 
Rubljervine hydrolodide was thus obtained In rosettes of 
colorless crystals melting at 269-273°C. with decomposition 
Poethke stated that this compound melted at 261~262°C. 
Rubijervlne is thus distinguished from Jervlne, the hydro-
Iodide of which was only slightly soluble in acetone and 
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melted at 283-290°G. with much decomposltlono 
Protoveratrldlne 
Free base. 
Protoveratrldlne was obtained Ir. very small amount 
In these experiments# It darkened above 250°C. and charred 
at 265-270®G« Poethke (69) reported Its melting point to 
be 266-267®C. with decomposition, and Salzberger (81) gave 
it as 265®C# 
Plcrate> 
Protoveratrldlne plcrate was prepared by addition of 
saturated picric acid solution to a hot solution of a few 
milligrams of the alkaloid in dilute acetic acid. On 
cooling 2.2 mg. of crystalline platelets separated out 
which were filtered off and air-dried. These platelets 
recrystalllzed to large rhombs above 220®C#, darkened above 
230°G., and melted and sublimed at 245-252®G. with some de­
composition. Protoveratrldlne plcrate according to Poethke 
(69) decomposes at 244-246°C. without complete fusion# 
Germine 
Free base. 
Germine on recryatalllzation from a concentrated 
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solution in methyl alcohol formed rhombs and cubes which 
melted partially at 170-175®C«, darkened and resolidified 
in part above 190°Ca and melted with decomposition at 
215-227°C. Poethke (69) observed that germine sintered 
between 160 and 170°C. and melted about 220®C, Germine 
•was soluble in chloroform, methyl and ethyl alcohols, 
acetone and water, and somewhat in ether. 
Germine.crystallized from methyl alcohol contained 
varying amounts of solvent of crystallization. The loss 
in weight on drying in a vacuum over P2®5 110-120°G. 
or in a Pregl block at llO^C. in a current of dry air 
varied in 13 testa from 10,06 to 12.76 per cent. 
Calculated for CggH4i08N-2CH30H: 11,45^ loss. 
Calculated for CggH4i03N«4H20: 12.70?^ loss. 
Calculated for C26H4j^08N"3H20: 9»84;?r5 loss. 
Poethke (69) found that germine crystallized from methyl 
alcohol lost 13.34 and 12.65^ of its weight on drying. 
Determination of rotatory power 
cX^®+G,26® (105^ acetic acid, 9,192 mg. dried germine 
in 0.8162 cc.) [<a]^S+23.10. 
dp'^+0.22° (10^ acetic acid, 8.974 mg. dried sample 
in 0.0162 cc.) [og24+20.0°. 
Poethke (69) +21.1° (dilute acetic acid). 
Prom the observations of melting characteristics, 
solubilities, solvent of crystallization and optical 
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rotatory power, the product here ohtalned appeared to re­
semble the germlne of Poethke. However, microanalytlcal 
data did not give as close checks of the theoretical formu­
la established by him as v;ere desired. These results are 
shown and are compared with the actual data of Poethke 
(69). 
Analysla 
C26«4I08N: G, 62.99; H, 8.34; N, 2.83 
Potind: 63.53; H, 8.78; N, 3.16 
63.74 8.76 3.09 
63.89 8.63 3,11 
63.39 8.60 3.18 
63.40 8.63 3.08 
63.60 8.90 3.17 
Mean: 0, 63.59; H, 8.72; N» 3.13 
Average deviation 
from calculated: C, +0.60; H,+0.38; W,+0.30 
Pound by Poethke: C, 63.08; H, 8.55; N, 3.07 
62.96 8.52 
It was felt that these analytical data were reasonably re­
liable since parallel carbon-hydrogen and Dumas nitrogen 
determinations made on a known alkaloid, cevine, C27H45O8N, 
and on hippuric acid, CgHgOgN, gave the following satis­
factory results: 
Calculated for Cg^H^gOgN: G, 63.61; H, 8.51; N, 2.75 
Pound: C, 63.45; H, 8.50; N, 2.79 
63.55 8.68 
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Celoulated for CgHgOgN: G, 60,25} H, 5.06; N, 7.82 
Fomd: G, 60.20J H, 5.14; N, 7.87 
60,40 5.26 7.80 
. 60.30 5.23 7.70 
60.50 5.30 
Mean: G, 60.35; H, 5.23; N, 7.79 
Average deviation 
from calculated: C, +0.10; H,+0.17; N,-0.03 
Conclualons might be drawn from these analyses that the 
formula for germine, C26^Ul®8^» given by Poethke (69) is 
erroneous, or that the compound Isolated from Veratrum 
vlrlde in these experiments is different from Poethke'a 
germine obtained from ^  albm, despite their similarItljss 
in physical properties. A careful study of Poethke*s paper 
(69) on gerralne, its methylethylacetate, protoveratrldine, 
and the letter's methylethylglycolate, germerine, shows that 
that author has ample support for Ms suggested empirical 
formulas for these alkaloids. His formulas are based on 
the analyses of the alkaloids and numerous salts, on titrl-
metric determinations of their equivalent weights and on 
estimation of the molecular weights of the ester alkaloids 
by titration of the acid residues formed on saponification. 
On the other hand, there is considerable likelihood of the 
same alkaloidal unit being present in two such closely re­
lated species as Veratrum vlrlde and Vjj, album, in which 
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case the compound here Isolated would truly be Poethke's 
germine and the failure of the analyses to check his for­
mula would remain unexplained. There is equal likelihood 
of tvio distinct, though similar, alkaloldal \mlts being 
present in these species, the physical properties of the 
two being Indistinguishable but the chemical formulas being 
somewhat different. 
For lack of final proof on this point, the assumption 
has been made that the alkaloid tinder discussion is identi­
cal with Poethke's germine. 
Comparison with cevlne. 
The formula of germine, Is very similar to 
that of cevlne, CgYH4303N, the difference being one carbon 
and two hydrogen atoms. Cevine Is the btisic hydrolysis 
product of cevadine end veratridlne from commercial vera-
trine which are pi'epared from sabadllla seeds (Schoenocaulon 
officinale). Poethke (69) first called attention to this 
similarity and pointed otit fwther the agreements and dis­
agreements in other essential properties of the two alka­
loids. In Table VII are listed many of these properties 
of cevine and germine, from which It la evident that these 
alkaloids while being very similar, are yet not Identical. 
An obvious possibility from the formulas that cevine might 
be the methyl ether of germine is weak, for Macbeth and 
Robinson (49) found no methoxyl In cevine. 
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A further supposition of homology is possible. Should 
homology exist the problem of the structure of the germlne 
molectile, and hence of the highly toxic alkaloid germarine, 
would be greatly simplifled for the structtore of cevine is 
being elucidated by Jacobs and Craig (39, 40, 41, 42) and 
Craig and Jacobs (19, 20)• These authors have thus far 
published information which indicates the disposition of the 
nitrogen atom, eleven cai'bon atoms and two oxygen atoms in 
the cevine molecule. 
The supposition of homology is partially discounted by 
the fact that cevine on treatment vfith alcoholic potassium 
hydroxide forms crystalline potassium cevine while germlne 
on simller treatment forms no precipitate. 
It was felt that further comparisons might be made 
between the chemical reactivities of cevine and germlne in 
order to shed light on the possible relationship between 
these alkaloids. To this end hydrogenatlon experiments were 
carried out on the tv/o alkaloids. 
The hydrogenatlon experiments were made on 16- to 
51-mg. samples in en apparatus with a total volxime of about 
35 cc., a 5.5-cc. buret capable of being read to ±0.01 cc«, 
and a device for holding the sample out of contact with the 
catalyst In the closed apparatus. The catalysts used were 
•»The author wishes to express his thanlcs to Dr. L. C. Oralg 
of the Rockefeller Institute for Medical Research who very 
kindly sent, the sample of cevine oxi which these experi­
ments were made. 
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Table VII. Comparative physical and chemical properties of 
cevlne and germine. 
Property Cevlne Germine 
Formula 
Melting point 
Soluble in 
Specific rotation) 
in C2H5OH 
in CH3OH 
in CHgCOOH {10%) 
Crystallized from: 
GH3OH 
HgO 
Methlodlde 
0x1 d© 
Methoxyl content 
^27^43^8^ 
softens 155-160°; 
melts 195-200° 
(27) 
CggH^iOgN 
softens 160-170°; 
melts 210-220° 
(69) 
softens 170-175°; 
melts 215-227° 
(obs») 
HgO, GH3OH, C2H5OH HgO, GH3OH, C2H5OH, 
CHCI3, acetone CHOI3, acetone 
-17.52° (49); 
-25.1®, -24,0° 
(obs.) 
-15,36° (49); 
-23.3° (obs.) 
-7.5° (obs.) 
Yes (obe.) 
with 3.5 HpO (27, 
obs,) 
m. p. 253-257° 
(42) 
m. p. 275-278° 
0 (49) 
t4.8° (69) 
+21.1° (69); +23.1°, 
+20.0° (obs.) 
Yes (69, obs.) 
with 3 HgO (69) 
no good product (69) 
m. p. 249° (69) 
0 (69) 
Continued on next page 
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Table VII. (Concluded) 
Property : Cevlne : Qermlne 
Active II 
(Zerewltinoff) 6 (87) 6 (69) 
Active H 
(acetylatlon) 2 (27) ^ 5 (69) 
Note: The data on cevlne were taken partly from the lltera-
ttire and partly from direct observations on the com­
pound. Those for germlne were taken from the work 
of Poethke (69) on germlne from Veratrum album and 
from the work here reported on germlne isolated from 
V. vlrlde^ thus serving as a comparison of the ger-
mine from the two sources. 
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Ranoy's nickel catalyst and the platinum oxide catalyst of 
Adams and Shriner, both prepared in the usual manner. In 
hydrogenations vrlth the nickel catalyst, the nickel and 
solvent r;ere saturated with hydrogen first since var^/ing 
amounts of hydrogen were taken up, and then the compound 
naB added. Vihen platinum oxide was used, the cjitalyst and 
compound v^ere ordinarily hydrogenated together since cor­
rection could be made for the amount of hydrogen equivalent 
to the weighed catalyst. 
Preliminary experiments were made on hydrogenation of 
several compounds with known hydrogenation products in order 
to study the characteristics of the apparatus and catalysts, 
and to determine the correspondence between actual and cal­
culated volumes of hydrogen absorbed. The compounds 
studied were fumaric acid, strycimine, jervine, cevine and 
germine. The results of these experiments are presented 
in Table VIII. 
Hydrogenation of fumaric acid to succinic acid took 
place rapidly in methyl alcoholic solution v/ith Raney's 
nickel catalyst. The product isolated by evaporation of 
the solvent melted at 185-186.5°C, The melting point for 
succinic acid is 185°G. 
Strychnine had previously been hydrogenated by Robinson 
(76) to dlhydrostrychnine in acetic acid with palladium 
chloride su*^pended on norlte. Dlhydro strychnine on 
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Table VIII. Results of hydrogenatlon experiments. 
Compound 
hydrogenated 
Catalyst 
• 
• 
• 
• 
: Solvent 
: 
• 
• 
Atoms 
of H 
absorbed 
Time for 
absorption, 
hours 
Pumarlc acid W1 GHgOH 2 2 
Strychnin© HI CH3OH 2 IB 
t» Pt GHgCOOH 2 2 
Pt CH3COOH 2 2 
« Pt® CH3COOH 2 2 
Jervlne N1 CH3OH 0 24 
II N1 CH3COOH 0 16 
fi Pt CH3COOH 4 
n Pt CH3COOH 4 c 
Cevine Pt CHgCOOH 2 24 
II Pt OH3OH 2 48 
H Pt GHgOH 2 24 
Germlne N1 GH3OH 0 20 
It N1 CH3OH 0 12 
H N1 CH3OH 0 2 
11 Pt® CgHgOH 0 18 
n Pt GHgCOOH 0 6 
(a) Catalyst hydrogenated first, then compound added. 
(b) Two in 2 hra., 2 more In 20 hrs. 
(c) Two in 2 hrs., 2 more in 48 hrs. 
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recryatalllzatlon from 50 per cent aqueous methyl alcohol 
was obtained as C2iH240gNg»2H20, melting at 220-222®C« 
Catalytic hydrogenation of strychnine takes place at the 
carbon-to-carbon double bond. The experiments here re­
ported shoNDed that strychnine could be hydrogenated to di-
hydrostrychnine with Raney's nickel catalyst in methyl al­
cohol in 18 hours, and was similarly hydrogenated with the 
platinum catalyst in glacial acetic acid In two hours. 
The product melted at 220-226®C. 
Jervlne was not successfully hydrogenated with Raney's 
nickel catalyst in methyl alcohol or glacial acetic acid. 
However, it was hydrogenated in glacial acetic acid with 
the platinum catalyst, four atoms of hydrogen being ab­
sorbed, the first two In two hours and the second two in 
20 to 40 hours. Similar results were obtained by Salto 
et al, (80) In the hydrogenation of jervin© with platinum 
oxide catalyst. 
Cevine was hydrogenated in methyl alcohol or glacial 
acetic acid solution with the platinum oxide catalyst of 
Adams and Shrlner, two atoms of hydrogen being absorbed In 
24 hows. The product was Isolated and was recrystallized 
from a concentrated solution in methyl alcohol# The result­
ing crystals melted between 173 and 185°C», crystallized 
partly between 195 and 205°C,, started to decompose and 
effervesce at 22S°C,, crystallized In part again and finally 
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melted at 260-262^0. Jacobs and Craig (42) had been unable 
to hydrogenate cevine with the platinum oxide catalyst but 
they did succeed in obtaining the absorption of one mole of 
hydrogen with Raney's nickel catalyst. They isolated the 
product, dihydrocevlne, C27H45OQN, which softened with 
effervescence at 220*^C. due to loss of solvent, but re­
solidified and then melted at 263-265°C« It had the rota­
tion methyl alcohol. 
Determination of rotatory povier 
-0.10® (methanol, 5.420 mg. dried dihydrocevlne 
in 0.8162 cc.) -15.1°, 
-0.40® (methanol, 19,145 mg. dried sample in 
0.8162 cc.) [;cx.]25 -17.0°. 
Analysis 
Calculated for Cg7H4508W: C, 63.365 H, 8.87. 
Found: C, 63.10; H, 8.94. 
Numerous attempts -mere made to hydrogenate germine, 
all without success. The trials were made with Raney's 
nickel catalyst in methyl alcohol and with the platinum 
oxide catalyst of Adams and Shrlner in ethyl alcohol and 
in glacial acetic acid. It thus appears that cevine and 
germine are distinctly different in their reactivities 
toward hydrogenation. 
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TOXICOLOGICAL EXPERIMENTS 
Methods 
The method of injecting solutions into the American 
cockroach (Periplaneta amerlcana) used in these experiments 
was somewhat modified from that descrihed by Campbell (11) 
in 1932 and modified by Yeager, Wooley and Brown (107) in 
the same year. 
The injection needle was made by drawing out a piece 
of S-TTtm. glass tubing to a fine point about 0.1 to 0.2 mm. 
in diameter. The tip was beveled on a fine Carborundum 
stone to facilitate penetration of the Insect cuticula. 
The needle was attached with a short piece of rubber tub­
ing to a horizontally clamped 0.1-cc# glass pipette cali­
brated in 0.01-oc. divisions. The volume expelled was 
measured to the nearest 0.001 cc. by dividing the pipette 
divisions into ten equal parts. The calibrated pipette 
was attached by a long piece of rubber tubing to a glass 
mouthpiece, and injection was made by oral pressure. 
The injections were made through one of two locations, 
either through the coxa-femur conjtmctiva of the left hind 
leg, or Into the conjtinotiva at the proximal end of the 
left hind ooxa, the former method being preferred. For the 
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coxa-femur injection the insects were held in the left hand, 
betv?een the thumb and first two fingers, ventral aide upper­
most, the two hind legs being hold between the edge of the 
thvirab and the third finger, end the needle was inserted 
cephslad along the coxa. For the proximal coxal injection 
the insects were held between the thximb and third finger, 
ventral side up, the left hind leg being distended between 
the first and second fingers, and the needle was inserted 
cephalad into the body cavity# 
After the injection each insect was retained for ob­
servation in an individual, small, wire-screen cage and 
was supplied with food and water continually until death . 
or termination of the experiment. The criterion of death 
was failure to respond to pinching of the tarsi, antennae, 
and cercl. 
Before injection the insect was weighed to the nearest 
0.01 g. and the volume of solution to be injected was cal­
culated at the rote of 0.05 cc. per 0,9 g, of body weight 
of the roach# Knowledge of the concentration of the solu­
tions injected permitted calculation of the weight of 
fraction injected in milligrams per gram of body weight. 
The solutions of the alkaloid fractions were made up 
by weighing the samples to the nearest 0.002 mg., dissolv­
ing them in small volumes of 10 per cent acetic acid solu­
tion, nearly neutralizing with sodium hydroxide or ammonium 
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hydroxide aoliition with methyl red as indicator, and 
diluting to voltime v?ith distilled water. The solutions of 
frBctlons obtained from Exper5.inent A were neutralized with 
sodiiwi hydroxide and injected through the proximal coxal 
conjunctiva; those from Experiments B and C were neutra-
liaed with ammonium hydroxide and injected tlirough the 
coxa-femur conjunctiva* 
Control insects injected with a solution of acetic acid 
nearly neutralized with soditun hydroxide or ammonium hy­
droxide showed no injurious effects beyond a temporary 
lameness in the injected leg. The control insect tests 
were distributed thi'oughout the coijrse of the injection 
experiments. Equal numbers of males and females were used 
throughout to eliminote possible sex differences In reac­
tion. 
It should be noted that some of the cruder fractions 
did not dissolx"-© completely when prepared for injection, 
but it was felt that the alkaloid portion of these fractions 
was dissolved since th© acetates of these alkaloids ore 
water-soluble. 
Results 
In Tables IX and X Is presented a compilation of the 
injection tests on the American cockroach with the alkaloid 
fractions obtained by the procedures of Experiments A and B. 
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Table IX. Summary of toxlcologlcal teats on the American 
cockroach (Perlplaneta amerlcana) of alkaloldal 
fractions obtained In Experiments A and B. 
• • 
: Number : 
« 
• of in- : Number 
; Dosage, sects J of In- Other 
Fraction : mg./g. Inject- ; sects effects 
• 
• 
« 
• 
ed : killed 
* 
• 
Experiment At 
Total 
alkaloids 
from assay 
Solid C 
Chloroform 
extract (a)® 
Recrystalllzed 
D and E, 
"Jervlne^ 
Solid P 
Recrystalllzed 
P, Jervlne 
Filtrate Q® 
Ether 
extract (d) a 
Chloroform 
extract (g) 
0.044 
0.044 
0.044 
0.044 
0.044 
0.044 
0.044 
0.044 
0.044 
6 
6 
6 
6 
6 
6 
10 
6 
6 All knocked down; 
death In less 
than 96 hoiars. 
1 No knockdown; 
death In 18 hra. 
0 No affect. 
0 3 knocked down; 
up In 1 hour. 
0 No effect. 
0 No effect. 
0 All knocked down. 
7 All knocked down; 
death In less 
than 96 hours. 
2 All knocked down; 
convulsive action 
death In less 
than 96 hours. 
Continued on next page. 
- 90 -
Table IX. (Continued) 
Fraction 
Dosage, 
mg./g* 
Number 
of in­
sects 
inject­
ed 
Niamber 
of in­
sects 
killed 
Other 
effects 
Ether 0.044 
extract (f) 
Solid S 0.044 
10 
10 
10 All knocked down; 
8 dead in less 
than 96 hours, 1 
in 101 and 1 in 
153 hours* 
2 All knocked downj 
severe convulsive 
action; death in 
leoa than 96 hrs. 
Experiment B: 
Total 0.044 
alkaloids 
from assay 
Precipitate 0.044 
F, crude 
"Jervlne 
Precipitate 0.044 
G, crude 
pseudo-
Jervine 
Precipitate 0.044 
H, Jervine 
Precipitate 0.044 
J, jervine 
Precipitate 0.044 
K 
6 
6 
6 
10 
6 All knocked down; 
death in less 
than 96 hours. 
0 No effect. 
No effect. 
0 No effect. 
0 No effect. 
1 7 knocked down, 
3 partially para­
lyzed; death in 
less than 96 hrs. 
Continued on next page« 
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Tnble IX, (Concluded) 
Fraction 
Do a ago, 
mg./g. 
Nxoitiber 
of in­
sects 
ln;jeot~ 
6d 
Number 
of In­
sects 
killed 
Other 
effects 
Precipitate 
L 
Aqueous 
filtrate (f) 
Ether 
filtrate D 
0.044 
b 
6 
6 
6 
5 All knocked down; 
death in 24 hrs, 
0 1 knocked down. 
6 All knocked down; 
4 dead in leas 
than 72 hours, 2 
in 149 hours# 
(a) The solvent was evaporated from a portion of these solu­
tions and the residue dissolved in the indicated concen­
tration. 
(b) This filtrate was injected without further treatment. 
(c) Solvent evaporated from 1 cc. of filtrate, residue al­
lowed to stand with dilute acetic acid, and decanted 
acid solution injected after partial neutralization. 
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Table X. Effect on the American cockroach of varying doses 
of certain toxic fractions obtained in Experiment 
B, 
B'ractlon 
Dosage, 
mg./g. 
Number 
of 
Insects 
Injected 
Number 
of 
insects 
killed 
* 
• 
• 
: Other 
: effects 
I 
• 
• 
0.5 3 3 All knocked down; 
death in less than 
19 hotirs. 
If 0.044 4 4 All knocked down; 
death in less than 
48 hours. 
ti 0.022 4 1 All knocked down; 
1 dead In 5 days. 
II 0.0044 4 0 All knocked down; 
up in 2 hours. 
Residue 
(J) 0.044 4 3 All knocked down; 
deaths In 72 hours. 
It 0.022 4 3 All knocked down; 
deaths In 48 hours. 
H 0.0044 4 0 All knocked down; A 1 
- 93 - i 
1 
i 
Reference to Table XX and Plg^» 1 to 3 (pages 45, 49 
and 50) indicates that the fractions Isolated in the pro­
cedures folio-wed in the chemical and physical separations 
were tested for the presence of toxic constituents by the 
injection method. It is further evident that the toxicity 
can be traced tlirough a aeries of separations and found to 
reside chiefly in one or two individual fractions at the 
end of the series* 
In Experiment B the procedure In many parts was simi­
lar to that of Experiment A, so the corresponding fractions 
obtained in the two experiments were often tested only on 
their first isolation. This fact is noted to account in 
part for the relative scarcity of toxlcologlcal tests in 
the first part of the work on precipitate G in Experiment 
B (Pig. 2). 
Table X presents some interesting data# Fraction 
of Experiment B was quite toxic# All the insects injected 
at the dosage of 0.044 mi', per g. were killed rapidly, 
while of those injected at 0.022 and 0.0044 mg. per g« all 
were knocked down but only one died at the greater concen­
tration. This indicates that the median lethal dose for 
fraction Is between 0.044 and 0»022 mg. per g. In the 
chemical examination of this fraction, treatment with po­
tassium nitrite separated out a sticky precipitate from 
which nltrosojervine was crystalllKed. The filtrate from 
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this tiltroso fraction wass extracted with ether and the sol~ 
vent removed, leaving resid-uo (j). This procedure hroiaght 
about a slight concentration of the toxic components for 
the median lethal dose of residue (j) appears to be between 
0.022 and 0.0044 mg. per g« Prom residue (j), by a pro-
cedixre previously outlined, a small amount of the alkaloid, 
protoveratridine, was crystallized. This alkaloid iwas 
shown by Poethke (69) to be a hydrolysis product of ger-
raerino which Haas (31) fomd to be highly toxic to the 
frog, cat and rabbit. 
The fraction L of Experiment G was obtained in a 
manner similar to that by which was prepared in Experi­
ment R. Fraction L was tested for toxicity to the roach 
and fovind to be considerably more toxic than the median 
lethal dose, as apparent from the data in Table XI, being 
less than 0.011 mg» per g. Prom this fraction, as well as 
from fraction P, the pure alkaloid, germino, was crystal­
lized. Gerraina v;as proved by Poethlce (69) to be a hy­
drolysis product of protoveratrldine and hence of ger-
merine. It was therefore of interest to test this pure 
alkaloid for toxicity to the coclcroaoh. This was done and 
the resultant data are also presented in Table XI. It 
appears that germine is much leas toxic than the fraction 
L from whioh it was isolated. The experiments of Haas (31) 
on frogs, cats and rabbits showed that germine was much 
less toxic then its parent alkaloid, germerine. 
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Table XI. Effect on the American coclcpoach of varying doses 
of fraction L from Experiment C, of germlne and 
of cevlne • "" 
Material 
tested 
Do3ace, 
mg«/g« 
Ntiraber 
of 
insects 
injected 
Ntunber 
of 
insects 
killed 
Other 
effects 
Fraction 
L 
0.044 4 4 All knocked down; 
deaths In 48 hours. 
» 0,022 4 4 All knocked down; 
deaths In 72 hours* 
11 0,016 8 7 All knocked down; 
deaths In 72 hours. 
n 0.011 12 7 All knocked down; 
deaths in 96 hours. 
Germlne 0.44 8 3 6 knocked down; 
deaths In 96 hours. 
If 0,264 12 5 10 knocked down; 
deaths in 72 hours. 
II 0.176 a 2 2 knocked down; 
deaths in 48 hours. 
If 0,044 4 0 No knockdown. 
Cevlne 0.088 12 6 9 knocked down; 
5 of dead were 
males; deaths In 
72 hours. 
tf 0.044 4 1 2 knocked down; 
death In 7 days. 
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Since a chemical comparison was made between germlne 
and cevino, the hydrolysis product of cevadine from com­
mercial veratrine, it seemed of interest to compare also 
the toxicities of the two alkaloids# A few tests were made 
on roaches with cevlne, the data for which are in Table XI. 
It appears that the median lethal dose for cevlne Is about 
0.088 mg. per go, while that for germlne Is about 0,264 mg. 
per the former therefore being more toxic. 
Observations and Discussion 
The toxlcologlcal tests made In conjunction with the 
chemical studies on Veratrum vlrlde appeared to be of much 
value in determining which procedures effected concentration 
of the toxic components, and which eliminated nontoxic 
constituents. They showed further that Jervlne and pseudo-
jervine, alkaloids present in VJUL vlrlde. were nontoxic to 
roaches, and finally that germlne, prepared from highly 
toxic crude fractions, and Isolated for the first time from 
V. vlrlde, was also relatively nontoxic. The toxlcologlcal 
tests of the pure alkaloids on cockroaches are of special 
interest for they constitute the first experiments on in­
sects with pure alkaloids from the Veratrums, despite the 
fact that these plants have been known and used as insecti­
cides (hellebore) for a great length of time. 
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It would have been highly desirable to have used 
larger numbers of Insects in the toxicologlcal teats, es­
pecially in those In which the effects of various doses 
were studied. This was not feasible In many cases because 
of the small amounts of some of the fractions and alkaloids 
available from the fractionation procedures. Despite this 
difficulty it is felt that in general quite definite con­
clusions may be drawn because of the clear-cut distinc­
tions among the toxic effects of closely related doses, 
as evident from these data. The microinjection technique 
itself is a factor that probably contributes much to this 
differentiation, because of the accxiracy with which dosage 
may be controlled and the rapidity with which the com­
ponent introduced may reach the vital centers of the in­
sect without the necessity for penetration of the cutlcular 
membrane or the gut epithelium. 
A short summary of the more prominent physiological 
actions observed dui'ing the course of these experiments on 
cockroaches is given. The toxic, crude fractions, such as 
D4 and L of Experiment B and L of Experiment C, generally 
produced immediate knockdown of the roaches, even at sub­
lethal doses. This knockdown progressed rapidly to almost 
complete paralysis which continued for about tvjo to four 
days and ended in death or was terminated in less than 24 
hours with eventual complete recovery. It is noteworthy 
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that in but fev/ oases did death take place in less than 24 
hours# These observations are in accord with those of 
Haas (31) on frogs who noted that when lethal doses of 
germerine were injected death occurred during the period of 
complete paralysis which lasted about 24 to 48 hours after 
injection. The experiments with gerxnine gave evidence of 
a different reaction. Most of the insects injected with 
germine solutions were affected shortly after injection by 
an apparently irritant action, characterized by rapid 
bodily vibration and motor incoordination# This was fol­
lowed after several hours by paralysis in those insects 
which eventually died. Here again the experiments of Haas 
on frogs and rats showed similar effects for germine, a 
preliminary period of great excitability and Irritability 
being prominent, leading in the case of toxic doses to 
eventual paralysis# 
- 98 -
DISCUSSION OP CHEMICAL AND 
TOXIGOLOOICAL STUDIES 
One of the questions that has been discussed and ex­
perimented upon by many investigators in the past is that 
of the total amount of alkaloids present In the two impor­
tant species of Veratrum, V« album In Eixrope and viride 
in America. A second question closely related, to the first 
and of more importance from the standpoint of pharmacology 
and economic entomology is the relative toxicities of the 
total alkaloid fractions from those two Veratrum species. 
Prom the ntuneroua total alkaloid determinations reported in 
the literatxare for the two species, it seems apparent that 
the ranges of concentrations overlap considerably but that 
on an average the total Is slightly higher in album. 
The total alkaloid content is generally somewhat over one 
per cent in both species but cccaslonally Is very low, 
0.17 per cent, as was observed in one sample of viride 
purchased during these investigations. 
Physiological and pharmacological studies and bloasaaya 
reported by many investigators are almost unanimously in 
favor of the claim for greater potency in ^  album. This 
claim is supported to a considerable extent by the work of 
Poethke (68, 69, 70, 71) on ^  album and the investigations 
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here reported on ^  vlrlde, Poethlce showed that by one 
procedure he vms able to Isolate from the total crude alka­
loid fraction, ^ hlch amounted to 0.45 per cent of the crude 
drug, 14 per cent gormerlne, 1»4 per cent protoveratrldlne, 
0.5 per cent Jervlne and 0»4 per cent rubljervine, leaving 
50 per cent amorphous alkaloids. By another procedure he 
separated from the drug about 0»6 por cent of total alka­
loids which yielded about 16 per cent protoveratrlne, 10 
per cent germerlne, 2 per cent rubljervlne, 4 per cent 
Jervlne and 68 per cent amorphous alkaloids. The two 
alkaloids, germerlne and protoveratrlne, were shown by the 
work of Haas (31) and Eden (SS) to be highly toxlo nnd 
physiologically active on vertebrates. The alkaloids ob­
tained In small quantities by Poethko, namely, Jervlne, 
paeudoJervlne and rublJervlne, had previously been shown 
by Llsaauer (48) to be almost Inactive on vertebrates. 
In contrast with this the present work on Veratrxam 
vlrlde showed that the predominant alkaloids of American 
Veratrum were Jervlne and pseudoJervlne, which appeared 
to b© almost nontoxic to the roach. Jorvlne was obtained 
as about 17 per cent of the total crude alkaloid fraction 
and pseudojervlne as about 3»3 per cent of the crude. 
Rubljervlne was alao obtained, but in extremely small 
quantities. Similar results have previously been ob-
' talned even on ^  album. Wright and Luff (104, 106) were 
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able to crystallize only these Inactive alkaloids, Jervlne 
pseudojorvlne and rubijervlne, from both Veratrtun species 
and Salto et al. (78, 79) obtained only jervlne in 23 per 
cent yield from the total alkaloids occvirrlng In ^  albvim 
grown In Japan. 
The reasons for the difference in the alkaloids pre­
dominant in the two species of Veratrtun and even in differ­
ent samples of the same species are obscure# Some of the 
more prominent suppositions to explain this difference are 
that geographical source and season of collection play an 
Important role. 
During this Investigation there were Isolated from V» 
virlde. besides jervlne, pseudojervlne and rubljorvlne, the 
two alkaloids, protoveratrldlne and germine, which had not 
previously been found In the American species• Protovera­
trldlne was obtained in quite small amounts, in the order 
of a few milligrams, and germine was crystallized in amomts 
equal to about on© per cent of the total alkaloids. 
Protoveratrldlne had first beexa discovered by Salz-
berger (81) in album and it and germine were separated 
by Poethke (69) in his work on the same species. Poethke 
studied the interrelationships of the alkaloids and found 
that partial hydrolysis of germerine yielded l-methylethyl-
glycollc acid and protoveratrldlne and that the latter on 
hydrolysis produced 1-methylethylacetic acid and germine. 
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Haas (31) tested Poethke's germerine, protoveratridine and 
germlne on vertebrate animals including the frog, cat, rat 
and rabbit# He showed that gerraerine was highly toxic, the 
median lethal dose for the frog being 0»009 mg. per g. aiid 
for the rat 0.0037 mg. per g. Germine was lethal to the 
frog only at 0.5 mg. per g» and to the rat at 2.0 mg. per 
g. The germino here isolated from virlde was tested 
against the American cockroach by Injection and its median 
lethal dose was about 0.3 mg. per g. The elkaloidal frac­
tion from which germine was the only crystalline product 
obtained was highly toxic, its median lethal dose for the 
roach being less than 0.01 mg. per g» 
Since germine is a hydrolysis product of the toxic 
alkaloid, gerraerine, and the fraction from which germine 
v;as crystallized was highly toxic, it seemed at least pos­
sible that germerine was present in this fraction. However, 
despite numerous experiments based partly on the methods of 
Poethke and partly on other procedui'es, no germerine could 
be obtained, A somewhat similar experience was reported by 
Poethke (71). In his investigation of the amorphous alka­
loid fraction from ^  albvun. which amounted to fifty per 
cent of the total alkaloids, he was unable to Isolate a 
crystalline product, but on hydrolysis he obtained from ten 
grams of amorphous alkaloids four grams of germine, a very 
small amount of veratric acid and larger amounts of acetic 
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and l-methyle thy lace tic acids. ?oeth3ce ruled out the ob­
vious assumption that this gerraine was formed by hydrolysis 
of germorine or protoveratridine whose crystallization had 
been prevented by amorphous iiiipm'ities. In such a case the 
amorphous alkaloid fraction must have consisted of approxi­
mately fifty per cent gerraerine or protoveratridine. He 
had observed that germerine had readily been crystallized 
from amorphous alkaloid mixtures with benzene and could not 
understand Tihy so considerable a purt of germerine -would not 
have crystallized hero hnd it been present. Furthermore, 
saponification would hove yielded also l-methylethylglyoolic 
acid and this was not observed. The great insolubility of 
protoveratridine in the solvents used argued against the 
presence of large amounts of this alkaloid, for the amor­
phous alkaloids were readily soluble in these solvents. 
Another possible reason for the failure in these experi­
ments to Isolate germerine (assuming its presence in the 
plant) ia that the procedures used were sufficiently dras­
tic to degrade the compound to a slight extent or to effect 
some sort of isomeric change resulting in alteration of 
certain properties such as cryatallizability, though the 
latter Is somewhat unlikely. The effect of optical isomeri-
zatlon has been observed in another plant insecticide, 
derris, wherein rEcemisation of certain of the constitueiits 
was fomd to take place d-uring the extraction procedures. 
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and the resultant racemes were loss toxic than the optically 
active isomers originally present. 
The suggestion of Poethke that germine and cevine 
might be closely related from a structural standpoint, e.g., 
by homology, because of the similarity of their molecular 
formulas and many of their physical properties, may probably 
be rejected# Poethke himself pointed out several of the 
differences in physical properties between them, notably 
the difference in their optical rotatory powers. He found 
a different number of active hydrogen atoms In germine by 
acetylation than had previously been foimd in cevine. The 
experiments here reported comprising attempts at hydrogena-
tion of the two alkaloids showed that cevine could be hydro-
genated with the platinum oxide catalyst of Adams end 
Shriner. Jacobs and Craig (42) had hydrogenated cevine 
with Raney nickel as catalyst. In the present investigation 
germine was not successfully hydrogenated with either of 
these catalysts. These differences in chemical reactivity 
point to a more deep-seated structural difference between 
the two alkaloids than would be afforded by homology. 
Although no germerine or protoveratrine were obtained 
in the present experiments the presence in Veratrum virlde 
of some toxic alkaloid such as these la definitely Indi­
cated, especially by the separation of highly toxic crude 
alkaloid fractions. It is quite probable that this 
- 104 -
toxicity mlglit be due origlnBlly to germerine or proto-
verotrine or both and that these alkaloids, since they are 
rather tanstable to hydrolytlc agents, may have been even­
tually partly degraded even by the mild treatments employed 
in these Investigations. In the case of protoveratrlne 
this would be a quite plausible explanation for this alka­
loid is readily hydrolyzed and Poetlike was unable to crys­
tallize its basic hydrolysis product# However, were ger­
merine also present in considerable amoxmt the inability 
to crystallize it or its partial hydrolysis product, 
protoveratrldine, in appreciable amounts, as pointed out 
by Poethke, Is not understood* 
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CONCLUSIONS 
1« The procedure for chemical determination of total 
alkaloid content of Veratrian viride has been modified to 
facilitate mechanical manipulation, to decrease the amount 
of nonalkaloidal imptirltles carried through the extraction 
procedure and to increase the precision of the determination. 
2» Prom the work of Pisher (85) in testing the alka­
loid fractions separated by the chemical assay method, total 
alkaloid content is not a measure of the toxic effect of 
this insecticide on the American cockroach. 
3. The presence in Veratrum vlride of jervlne, pseudo-
Jervlne and rubijervine has been confirmed, Rubljervine 
was separated in very small amounts, but Jervine and 
pseudojervine were the predominant alkaloids isolated from 
the plant, 
4* These latter alkaloids were found to be almost non­
toxic to the American cockroach. 
5. Germerlne and protoveratrine, alkaloids highly 
toxic to vertebrates, which have been isolsted from the 
European species, Veratrum album, could not be Isolated 
from Veratrum viride. the American species. 
6. Protoveratridlne in small amounts and germine in 
larger quantities, both hydrolysis products of germerlne. 
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viere Isolated for the first time from Veratrum virlde* 
7. Germine v/as somewhat toxlo to the American cock-
roachj its median lethal dose being about 0.3 mig* per g. 
8. The crude alkaloid fractions from which germine 
and protoveratridine were separated were highly toxic, in­
dicating the possible existence in Veratrum virlde of soma 
toxic alkaloid such as germerlne* 
9. Germine resembled cevine, the hydrolysis product 
of cevadlne and veratridine from sabadllla seeds, in chemi­
cal formula and many physical properties, but did not 
resemble it in chemical reactivity toward catalytic hydro-
genation. 
10. The microinjection procedure for testing crude 
alkaloidal fractions and pure alkaloids for toxicity to the 
American cockroach was very satisfactory. It was especially 
valuable In determining the efficacy of fractionation pro­
cedures in concentrating the toxic components. 
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SUMMARY 
Tho purposes of this Investigation were to improve the 
procedtires for chemical determination of the total alkaloid 
content of Veratrum virlde, to compare t}:ie chomlcal with the 
biological assay on Insects^ to aeparate the crude, physio­
logically active inlxtupe into its constituents, and to test 
them for toxicity to insects* 
An extensive revievj of the literature relating to 
Veratrum vlride was prepared. While no bibliographic sum­
mary was attempted, the subject was covered from the stand­
points of botany, chemistry, physiology and pharmacology, 
economic entomology, and assays, and It Is felt that prac­
tically all the Important references were presented. 
An Investigation of the procedure for chemical assay 
of the allcalold content of Veratrum virlde was made and 
several modlflcationa In method were made which resulted In 
Increased ease of manipulation and accuracy of results. 
The crude alkaloid mixture was investigated with a 
view to separation into Its components, and the somewhat 
involved methods were described in detail and illustrated 
by charts. The several fractions of special interest thus 
obtained were investigated further and five alkaloids were 
Isolated In pure form and identified. These alkaloids were 
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Jervlne, pseudojervine, rubljervine, protoveratridlne and 
germlne• 
Jervlna, pseudojerv3.ne and rubljorv.lno had beon iso­
lated from Veratrxim virlde by earlier investigators and 
their presence in the plant was thus confirmed. Jervine 
and paeudojervine were found to be the predominant alka­
loids separated from Veratrum viride< while rubijervine 
was obtained in small amounts# 
Protoveratridine and germine were separated from 
Veratrum viride for the first time, the former in small 
amounts and the latter in somewhat larger quantities. 
These two alkaloids had been shown by another investigator 
to be hydrolysis products of the alkaloid, germerino, which 
ho had obtained from Veratrum album. 
Neither germerine nor protoveratrine, the latter also 
previously isolated from Veratrum album, was obtained in 
these investigations on Veratrum viride, but their presence 
in this plant is not, of course, thereby excluded. In 
fact, the existence in the plant of some such alkaloid as 
germerine is to some extent indicated by the very fact of 
the isolation of germine and protoveratridine, and also by 
the considerable toxicity of the alkaloldal fractions from 
which these compounds were isolated. 
Because of suggested homology between germine and 
another alkaloid, cevine, the reactivities of these two 
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alkaloids to catalytic hydrogenation. were studied# It 
was concluded that they were probably not structtirally 
related to the extent suggested# 
The toxic properties of the fractions separated dur­
ing this investigation, including those from which proto-
verotridine and germine were obtalixed, as well as of some 
of the p\jire alkaloids isolated, were tested by microinjec­
tion of their solutions into the American cockroach, 
Periplaneta americana (Ii»). In this viay the progress of 
the fractionation procedures "was followed biolo£;ically and 
the concentration of the toxic components by these pro­
cedures was observed. P\u?ther, the alkaloids, Jervine and 
pseudojervine, were found to be a3J^loat nontoxic to the 
cockroach and the median lethal doae of germine was deter­
mined to be nbout 0.3 mg. per g. for the American cockroach. 
These toxicological experiments with piare alkaloids were 
the first in which pure alkaloids from Veratrum virlde 
were tested on Inseota# 
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